

MURGY Design CoRPQBATi ON 


GRAYBAR BUILDING 
NEW YORK, N. Y. 






Sr 


EMURGY Design CoRP|pATiON 


GRAYBAR BUILDING 
NEW YORK. N. Y. 









f c:r / ry c:~<:v^. z^/: '<■ 7 . 


■wi k * «• . ^ r’». .. ^ 




^y^^/Z/c: K-'" Zy 


f ( 




S: & 


TV> ^ 


*' I 


•I — h- 4 -H — 1 






yf^K :v 

■•4 ••v^«* i\ 




^ \ \ '^^\ 


§ § ^ *4 § 


s dN"? ? ? ? 


^ Nj 
c{ o o 
D A 




• I 1 ^* ***^'"** 


<'u 'Cw 


|~h 1 -|-Ktl-h 

<^^/:iC9'c:.'’ f'ry ry'? 


■hHH’ffH' — l~~f"f 


r> f\ C> Cv r\^ 




s^ \-t Ok V)v''*> 

g « 

^ O O f> -5 & 


>' s 

^ V ^ 


’i'S^'^ '"’"H 


■■' .1- ►jW'f W’-^-,- ,* '^4•^;J;^i^v;j;■v .- .;i. 




^ $ N 


N: X 

K 

\ ^ 
Qi 


'., *fr<fi(W».*ti.airV'‘'-i* 




W '"I V-* 

■I — ^-^■ 






V. 




6/S/50 


SAC 

SA miLim H. NAYLOR 
HARRY GOLD, vas* 

ESPIONAGE - H ^ ' 

R5: GOLD RS3IDE?IC£ SEARCH MATERIAL 
Exhibit No. 65<-A307~l-I^5 (29-17) 

Reference memorandum, 6/6/50, Page 15 • 

Description ; 

Three copies of an eight page article on '^General Methods of Aerosol Dispensings^* 

One three page article on *%'estinghouse Aerosol Containers'^- copies of a 

tw page article on "Filling Density". One three page arbical concerning Aerosol^i^^v*^ 

Three yellow sheets of paper containing drax-rings — Figure 1 - Westinghouse 
Aerosol Container; Figure 2 - Armstrong Valve; Figure 5 - Pennsylvania Engineers 
Model Aerosol Dispenser, respectively. 

Possible Leads ; 

No apparent leads other trian material migVjt be used if GOID is questioned regard- 
ing his activities relating to Aerosol Dispensing. 
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, Introduction — CGno':'al ' ot .’acl of Aeroool ria.ooncliv; 

I’iio jj^oncral r.oll'Od o£ crosol (llaocnGlr\t conslGto of 

1* the dlsoolvln^ o£ colldo ar’d/or llquiOa :n loxv 
boilin£^ point liquids | or tho dissolving of blio 
solids and/oi' tho liquids in a vn toplal t7'*Iob 
Is nisciblo critli a lov/ boilln^ point liquid 
2* tbo forruntlon of a spray of tio result of t'bc 
solution has a function of the vapor urcssiU/G 
exerted by the lov? boilin^^ point conponent 
In brief, t>ic poncral fclieory of the aerosol dis->onG;ln..j aethal 
Involves tl'o use of it loss ilj coirioonent in a nixture ivhose 
vapor pressure :1s of such arj order so that the nix turn is 
propcllod from any container in ohlch it is stored under -its 
onn vapor pressuro* Hals method of dispensing; results in a 
fin .0 spray v/hicU loads to t!''iG disporsion of the dissolved 
luatcrials in tlio foi’m of a finally divided ,r.ist« foot of the 
V 7 orl< done in this connection is that of T)r* Lyle G’oecliv^o 
of tho j)opartecr!t of ^^I'icultiU'C , loltsvillo station, •'aryltud* 
fr. Goodhue *s early v/orl: Included the nso of various of 
the lo\7 molecular v/oirht hyeh'oearbons sucli as propano, ’.-atano, 
and man:/ of the loi/ luolecular v/ci£;lit chlorinated }iydrocarbons, 
as 'the vapor i.'M'oasurc con«‘)oncnt of vap5.ouG aerosol mix- 

turos. hr doodhuo found t'nat lov; uolo'ailar cclji'h: satin-'atcd 
hydrocarbons presented hazards from str-.rd-~p''.int of o:>rf losions 
due to the formation of mixtures v;iUh air on roloaso of the 
j-.iixturo; and ho also found mont of ffio cn.loplnatod hyh^o car bore 
to be nnoatisfactory fro:., the a tend -point o.f toxicity* flo 
o ar ly vjor 1: is cone orned ni th t] )0 kf 11 i n j of I > oue oho7vd pc e t s , 
al’tCiriU -.bi ho ran recently oy’-'.cnvdrf Mhis v/or-r to many of tlio 






uses, as roij^xoiriplo In the aisoorsion ^ 1 ailing-' a:;cnfcs In 
plant pest control* 

•Cr. 0oodJino*3 vjovV. oS: ; -.cent la contorc:^ ar' unci t' o use 

o.f Fro on 12 as t?uo vapor ores sure nTioeollant nodi uri# 

His use or Freon 12 , in his recent ivorlr, v;as based unon the 
fact tliat Freon is noitiiGr toxic, nor docs it foi^n oxnlosivos 
TiiixtupGO v;ith vilr* F'hil.e the aerosol MOiiiod of dlnnonsinc 
lias been used in the disoonoin^ of slant horuones and plant 
pest controls nnly on an exporlrjontal basis, the use of a 
mixture conoistin.ij of 2‘/. pyrotlirum^ G;- sosnno oil, end dO;;- 
^roon 12 has boon v;irloly applied in the Ax^nied Vorccs In deal- 
ing vrith thQ i.:osqiiito prol’lca ir. those etlons of the v/orld 
v/here malaria is coir :on* This ixturc, pacbocl in containers 
VJhlc’i shall be dosorxbcd ho lev;, l>Gon used by mon under CGishnt 
e mditiensS to throw off jriOSQoltes , ban boon unocl to free 
ba-'^rachs rnd pyranidal tents of 'nnsq’jites ,• nd other snail '.n- 
coots, and has been used to fumigate transport pianos return- 
ing: S^Toui forei^iti re,, ions to the Uritod States. In this con- 
noction, please note (1), whlcj^ includo ":avy specifi- 

cations for tJio aerosol .uixturo ns described above, v;cll 
vOs o.xHxbi to 2,5‘3, and 4-, corita.inln;_ other Dortvnent data. 

II. Siu’voy of Contents of tV‘is deport 

It is our In ton tiers to treat iv.lth the follow? n- subjects 
in connection with aerosol dlsponsinc ir.ctbod, in tho follor- 
itiQ coqucncG; 

1. tlio dcsl.^n of aerosol dispenser valves and tlio 
desl^jn of aci-»osol disnensiny c-ntainors. 

2. tire dositjn of oqrip.’-vjnt for tire coi'.rouncir ■ of 
tlio ' ■yrothram-sesa lo-'i n '"roor. nixtia.'^n 



oxit fror.1 inch diai'ictcr ^^v;n in Ti^xiro (T)* 

TI:.o UGC of o flno tlircad cen tlic valvo stand and tViC "^alsjc 
body to^jothoi" w'ltV^ the cIogo fit botv;ocn l2*o txvo tliroadc dc- 
volODO a sr-.i ajainst lonka^o alon^^ tho entire o.f tha 


Uiroacls and out from tho ton valve body. 





FXXllnn Bo n s it:/- 


Is dGrinecl by navy specifications to iuean 15:10 ratio 
of Uao actual f 111-v/oi^bt to the woipbt of viator v/hlch 
tiio entire container ivlll bold* Ifliis ic rcculred to bo 
hold to ETlxtioTG l*06j, for tiio c on tainei? In Fli^xxvo (2)* 
iiio ronsoii uliy filling denoity is a criterion aspect cf 
tho sy>c c if Ic a 1 1 ons \7i th the fa c t tha t Freon has a v e r y 
larpo noatinp vision of voliu:;entric o'rnanslon r/itli ten- 
poratm''G* Since the projective ijsg of the container in 
tropical aroGS, into stoz-^aGO of the container durlnG diip- 
mont, ni^ht possil^ly irinG into iiith tonpoz^at’ore acnos. 
Fill-'o'oight which KionlO. e^icced the criteria density aiGhtod 
above, t/ould^ in the case of the of the con tax nor shone 
Inf ii.;ur e ( 2 ) , nr o j c c fc the no c D i bi li t y tlia t t he li q •. 3 i d 
v/ould expand to a volni-in aptroacliinG and oxcocdiiiG 
tlio voliit:Ui of the container, thus placing containoz’' at 
cuclz a time under poriah.od oi'casoro In view of tlio vir- 
tual Incompreoaiblty of presauro* 


Uhc l.usis of this statement is that in every oaso 
.the increment in pres sm-'o dur?-nG tho charc^^f^^G pres- 
sure would 1)0 tin if on. •• fy tl^to la’.vo, his automatic 
means the Injection of an identical mo-v/oipht of las 
each tixiTG, 


Ti)ex*o is no drlomitinG tT)Gt a tomr>oratu3?o chauG® 
of a necessity involved* V'o have choson to noGlect tliis 
element in ?iie analysis f.irstly because it cntablish.od 






the most vs.por conditions tov/ords this nethocl of cohuToI- 
ling the nothod of filia o'nto hocauco the .tonporaturo 
drop v/ould be Insignificant* IVo boliove our contention 
in that tliG temporature drop vrould be 1 ns i^nif leant on 
tlio folloiTinG facto, a — Uii.'- the quantity of nat;.rial 
left behind uhon the standpipe is uiicoverod, is in the 
order of ijcc, thus hold the possible anount of Pro on 
v/hlch will bo vaporised to very modest dimenaiono; b-- 
that in coiiroarioon X7itli tlic laclont boat load involved 
v/lth all of t :)0 Preon to evaporate the heat capacity cf 
tliG container, is very lar(i;o,v;lll thus be seen tlmt since 
tho Indent boat load uill bo provided by both residual 
ciaterial and tho container it~solf. ho apnrcciable 


chan^© in the over all tonporature of tlic ays ton for 
tho pui'^poso of tills analysis v;ould prevail* 


yillinp^ Density 


Is defined by Navy specifications to mean the raUo 
of the actual f ill-v/elijht to the weight of water which 
the entire container will hold. This is required to be 
held to mixture 1*05, for the container in figure (2) • 

The reason why filling density is a criterion aspect cf 
the specifications vrith the fact that Freon has a very 
large coating vision of volmtientric expansion with tem- 
perature* Since the projective use of the container in 
tropical areas, into storage of the container during diip- 
ment, might possibly bring it into high temperature senes* 
Fill-weight Y/hich would exceed the criteria density sighted 
above, v/ould, in the case of the of the container shone 
in figure (2), project the possibility that the liquid 
would expand to a volruiin approaching to and exceeding 
the volrunn of the container, thus placing container at 
such a time under perished pressure in view of the vir- 
tual incompresslblty of pressure* 

Tlie basis of this statement is that in every case 
,the increment in pressure during the gas chargeing pres- 
sure would be uniform* 3y the gas laws, his automatic 
means, the injection of an Identical mo-welght of gas 
each tiime . 

There is no disputing that a terape nature charge is 
of a necessity involved* V/e have choson to neglect tins 
element in bhe analysis firstly because it established 


the sfiost; vapop conditiona tov/ards this i:iothocL of conti'ol- 
llng the method of filia s-^ate because the tempera 
drop v;ould be insignificant. vVe believe ovtr contention 
in that the temperature drop \vould be Insignificant on 
the following facts, a — that the .quantity of material 
left behind when the standpipe is uncovered. Is in the 
order of Ifcc, thus hold the possible amount of Freon 
which v/ill be vaporised to very modest dimensions 5 b — - 
that in comparison with the ladant heat load involved 
vfith all of the Freon to evaporate the heat capacity dT 
the container, is very large, will thus be seen that since 
the Indent heat load v/ill be provided by both residual 
material and the ’ container it-self. No appreciable 
change in the over all temperature of the system for 
the purpose of this analysis would prevail. 


In brlof , tbn ’'■o 3 t 5 .n:;b -ugo aorooolo crintaliier, v.’(\g lio.Gtia 
upon ‘blironin^’ I'O riivtiy uI'Cc..* :,^n^lo unfi,_Cjt so ^civ 0.3 u- o 

quarbc’ri.inoucr lo conocrnGO* ’’or rGo.aona tliat y^g gIuyII ot:- 
ploro In tor a howovor, it; y;ill bo oboorvod that thia consti- 
tute cl and u'MiecooGnry v?aai;o of iiatorinl* 

A tjothod of pi-ttlnj the conta; nor into ucg conaxots of: — 

1 ) Invert tlio contalnoY* so that the standpipe to oi^enod to 
tlio van or phase 

2) lioltUnr, the eon to:- nor Jn the position sot .forth in (1) 

the \7irc shoxvn on fiouro (1) until the fu.so joirtb 
is hrolion, th.ei-’o-h:/ period. tin..-; the oscano of freon vanor fron 
the container* 

S) to stf rt the spray, the containor is G^:ain Invortod, this 
tli-ic placing tl’O standoipc open and in tho liquid phase 
A) when suf.^’iclQnt maounts of the s^ray lias ”''Oor, used, the 
containor Is invortod i.o in (1) and the cap 3hov;n 

.In rijm "0 (X) is threaded on the nlp'oio* All ouccgsg3vo 
psos of tho coptninor until ojahaestien o;:' the containcu-* 
inx'olvo rcpitlon of stone 1,5, and 4* Anr^roximatoly 7,Crn, 

' 00 containorc of this conGti'r.ction have rlrossciy heon ex^o- 
vided to the .nrmv. On an avera/jo, these have ]<(?en oi'e- 
'portioned in had malarial areas, to the oxtont o.-C six 
thousand contairors por-dxvici>-n. I'o the host of the 
Y’rrltors knowlodoe, aoeroxlnD tely tv;o rd llion noro contaiiiTX'S 
arc now on or dor with the Vest! house oom'^any. 

TJio uni tod otutes lav^y put the use of aerosols pu'vip in- 
to of feet at a considerably later date t:ian the Amy, Trora 
the boj_pin’'’in, _ tlxo Gnyinocririj;; division <'f the havy ca:.:itted 
«tsol.f t a oorl.ainor Y’''‘ oh 'r ref lied :V* the f^rld. 


^1:io cccond nc^l canOarlnGr, Ijnsod im tMo throv av;ay Tirln- 

cipal^ v/QQ m^Saoturod by *'\rr;ict;rone*nnGnooriixj Company 
for tho iiriTiy* TIiiG r.iodol *;lvoo a two piece containerp vS’oor 
the stylo of tbo V’ostln;.;liOijsC' container, altliouGh soi:iov;hap 
different in sliapo* Its principal diff oronce fj’o:n tho V/est- 
In^iouso uiodol diopensoi’ ^ lay in it invol-'Od a formal 

valvo dovicG,.GS will be coor in rir;nro 2, A punctnrablo 
soft notaX seal is laid dor;n on a slionldor of tnc vali'O body 
and Is boat fused to tho val^e body, Ibis is done prior to 
tliG filling of tlio container^ the container bcins filled 
tl'irou^.u an oponin:j on tbe op^^osito end fro;^ tlie valvo, 'die 
openlnc tbroueh v;hlch fillinc is done lotor bocoir.os noint 
of plncomont of a fuoo riotal ‘fh:© valve 0 OCI 7 / consists 

of an in term thread member having tv;o sViouldcro one 
arair.st r/Mch a soft motal seal io bincod; and (2) one ar^ainst 
\7l:ic?i t?jo pco";ronG ^aslrct is ■’rl'’on by the action of r.ho valve 
stand, TIio valvo stand consists of e knurled head screv; pro - 
vldod ivith a aliouldor a^^ainot which the neoprene tjasket acts 
and nrovidod with a cornicle end, coniclo end urovidos 

and noanc whero-by the soft metal seal is punctured when the 
container is 'uit into iise, shoulder on g }’0 valve stand 

provided t’nc companion surface to tho required in dovclonmert: 
to. *ch-' no opr one r^saskot when tho soaliap usa.^.os of tho container 
s required, ncooreno ^^aoket is of siiallor a.i-ameter tt'ian 

tho t} VP cads, tlius permitting the valve stand to irtroduce in- 
to the valvo 'i>ody. ‘fo put the container into succoEs;rvo uso- 
uggg for nny s^o^lo o'* ar^c^ t:?'G valve stand in ocrowc ^ away 
from the valve body should or a;jaxnsu v.-i:). cn t/ic ncoTJrcno ^^as— 
Irot is coiaurcssod thoro-foi’ permit tiny the flow of tlio 
aerosol fluid i.n> to t?"-c upper parts of tho vlarc body and its 


oi' 1 Doll ;iar)"ial 




n'T ';-V' a 


c- aovoaol con^ inor iiilin:,. nnolilnos ai. ucc^l 
in t'iG n;a.Iu iViiln, 'aantc, 

4 ♦ ti 1 C cl o c:l ^ n of c o iiipmo n tic r 'he i '' f i 3 1 i n o.r 
the containers nador field c::ndltion3j then 
lastly the. reviev/ of the prospects for this 
f cx^elopment 

III • Aerosols 

'‘hen til G u c 0 of the p y r e thru* *- ■ c r rone --i' r c o ‘ ' n: . .'f- ‘ ir g v; a s 
adopted by the Arrsad ‘ orcesp tv;o definite so' 'ols o;' thought 
repardin- the use of disponcin ; ':e.lvcs sprar.;; .un vf.thln the 
United States Aruy. One school noved IsrAGly i'y the dGsire 
to institute production of aerosol contninorc at the earliosb 
possible moment and also moved by the thou^bt tlmt the collect- 
ing and x'^oturainti of the aerosol containers to fie la fining 
dopotsp uould c;.;nstitutc a cv:y)crso.^o quartcrxiastcr problem, 
adoptGd a container t! at did not involve a formal valve device* 
Instead, t}xe early oho-peund conta.lnoro distributed to Army 
Porsonnol v;as of the , construction shov;n in fii'^ure (!)• 


!• I ntroductyiDn- -General Method of AeroWl Dispensing; - 
idle general method o± r.crosol dispensing consists of 

1. the dissolving of solids and/or liquids 
in low boiling point liquids; or the dis- 
solving of the solids and/or the liquids 
in a material vfnich is miscible v/ith a 
low boiling point liquid 

2. the formation of a spray as the result 
of the expulsion of the liquid phase 
through a small orifice i;nder the influ- 
ence of the vapor pressure exerted by 
the loYi boiling; point component 

In brief, the general theory of the aerosol dispensing 
method involves the use of a low boiling point component 
in a mixture in such proportions that vapor pressure 
over the mixture is of such an order as to permit the 
]pr opening of the mixture from any container in v/hich 
it is stored. This method of dispensing, when per- 
formed with a properly designed dispenser, results in 
a fine spray v/hich leads to the dispersion of the dis- 
solved materials in the form of a finely divided mist, 
host of the work done in this connection is that of Dr* 
Lyle D. Goodhue of the Department of Agriculture, Belts- 
ville Station, Maryland. 

Dr* Goodliue^s early work included the use of var- 
ious of the molecular wei^^t hydrocarbons such as pro- 
pane, butane, and many of the low molecular weight chlor- 
inated hydrocarbons, as the high vapor pressure compon- 



onts of varic^^ aerosol mixtures* r>r* found 

that the lov/ molecular v/ei^ht saturated hydrocarbons 
(such as T:)ropan.e, butane, eh-.) presented hazards 
from standpoint of explosions due to the formations 
of explosives mixtures of the hydi'-ocarbon v/ith air on 
release of the mixture; and he also found most of the 
lov/ boiling point chlorinated hydrocarbons to be un- 
satisfactory from the standpoint of toxicity- Hla 
early work is concerned v;ith the killing of house- 
hold pests, although he has recently extended this 
work to many other uses, as for example in the dis- 
persion of killing agents in clant pest control* 

Dr* Goodliue’s work of recent is centered around 
the use of Freon 12 as the high vapor pressure propellant 
medium* His use of Freon 12, in his recent work, y/as 
based upon the fact that freon is neither toxic, nor 
does it form explosl’/e mixtures v;ith air. l^Thile the 
aerosol method of dispensing has been used in the 
disnensing of plant hormones and plant pest controls 
only on an experimental basis, the use of a mixture 
consisting of 2 % pyre thrum, 8^1 sesame oil, and 90^ 

Freon 12 has been widely applied in the Armed Forces 
in dealing with the mosquito problem in those sec- 
tions of the world v/here malaria is common* This 
mixture, packed in containers which shall be des- 
cribed belov/ has been used by men under combat con- 
ditions to "throw off” mosquitos, has been used to free 
barracks and pyramidal tents of mosquitos and othei- 
small insects, and has been used to fumigate trans- 

'XEspeclally where indoor use of the aerosol mixture is 
projected. 


port planes rWParning from foreign regio^Pto the United 
States. In this connection, rlease note exhibit (1)-, 

which include Navy specifications for the aerosol mix- 


ture as described above, as well as exhibits 2,3^ and 4, 
containing other pertinent data. 

XI. Survey of Contents of this Report :- 

It is our intention to treat v/ith the following 
subjects' in connection with aerosol dispansjng method, 
in the following sequence: 

1. the design of aerosol dispenser valves 
and the design of aerosol dispensing 
containers 

2. the design of equipment for the compound- 
ing of the pyre tiirum-se same Freon mix- 
ture 

3. the design of both manual and automatic 
types of aerosol container filling ma- 
chines es used in the main filling plants 

4. the design of equipment for the refilling 
of the containers under field conditions 

5. lastly, the review of the prospects for 
this development 

III . Aerosols 

Vlien the use of the pyre thrum- sesame -Freon mixture 
was adopted by the Armed Forces, two definite schools 
of thought regarding the use of dispensing valves sprang 
up within the united States Army. One school, moved 
largely by the desire to institute production of aerosol 


containers at^he earliest possible raome^? and also moved 
by the thought that the collecting and returning of the 
aerosol containers to rield-rillinb depots v/ould con- 
stitute a cumbersome quartermas ter problem^ adopted a 
container that did not Involve a formal valve device. 


Instead, the early one -pound containers distributed 
to Army Personnel ;vas of the construction shown in fig- 
ure (1). 


In brief, the Westlnghouse aerosol container (Fig, 1) 
was based upon a single useage, so far as the Army 
quartermaster is concerned. For reasons that we shall 
explore later, however, it will be observed thL='.t this 
constituted and unnecessary waste of material. 

The method of putting the container (shown in Fig. I) 
into use consists of:- 


1) inverting the container so that the standpipe is opened 
to the vapor phase 

2) holding the container in the position set forth in 
(1), wiggling- the vvlre shown (Flg.l) until the fused 
joint is broken, joining the sealing v/ire to the base 
of the discharge nipple thex’e-by perixitting the es- 
cape of Freon vapor from the container 

o) to start the spray, the container is again inverted, 
this time 'placing the standpipe open and in the li- 
quid phase 

4) when sufficient amounts of the spray has been used, 
the container is again inverted as in (1) and the 


n 


See Page 


of the 


All 


cap shov/n in Pi^* 1 is threaded on the ni^R-O# 
successive uses of the container until exiiaustion of 
the container involve repetion of steps 1,3, and 4. 
Approximately 7,000,000 containers of this construction 
have already been provided to the Army. On an average, 
these have been proportioned in bad malarial areas to 
the extent 'of sis thousand containers per division. 


To the best of the vrritcr’s knov/ledge, approximately 
tYjelve million more containers are now on order v/ith 

the Westinghouse company. 

A second model of container, still based on the 
'Hhrov/-c.way principal*', is manufactured by the Arm- 
stror^Engineerlng Company for the Army. This model 
involves a tv/o piece container, after the style of the 
Westinghouse container, although soinevdiat different in 
shai^e • Its principal difference from the .estxnghouse 
model dispenser lay in that it involved a formal 
valve device, as v;ill be seen in Pig* 2. A puncturable 
soft metal seal is laid dov/n on a shoulder of the valve 
body and is heat-fused to the valve body. 'Ihis is done 
prior to the filling to the container, the container 
being filled through an opening in the opposite end from 
the valx^e. llie opening through v/hioh filling is done 
later becomes point of placement of a fusible metal plu^ 
The vlave body consists of an internally threaded raem- 
ber having tv/o shoulders : --one against v/hich a soft 
metal seal is blnded; and vone against wiiich the neoprene 



gasket is dri^n by the action of the va^iP stem. The 
valve stem consists of a knurled head scrovj provided 
with a shoulder against which the neoprene gasket acts 
and provided with a conics,! end. Tlie conical end. pro- 
vides a means, whereby the soft metal seal is punctured 
when the container is put muo use. The sAoulder on 
the valve stem provides the companion siirface to the 
valve body shoulder against which the neoprene gasket 
is driven when the sealing of the container’s contents 
is required. The neoprene gasket is of smaller diameter 
than the threads, thus permitting the valvo stem to in- 
troduce the gasket into the valve oody. To put the con- 
tainer into successive useage for any single charge , 
the valve stem is screwed away from the valve body 
shoulder against which the neoprene gasket is compressed, 
thereby permitting the flov; of the aerosol fluid up to 
the upper carts of the valve body and its exit from the 
1/52'^ diameter hole, shown In Pig. 2 . Tlie use of a fine 
thread betv/een the valve stem and the valve body and a 
close fit betv/ecn the two threads develops a seal against 
leakaf’e along the entire length 01 tnc threaus and out 
.from the top valve body, since by so doing the friction 
drop required of the fluid if leaking is to occur ex- 
ceeds the friction drop required for expulsion of the 
fluid through the l/ 32 ’‘ diameter hole mentioned above. 

The United States Navy put the use of aerosol bombs 
into effect at a considerably later date than the Army. 
From the beginning the engineering division of the Navy 
c omitted itself to a container v/hlch could be refilled 


in the field. 



la line^th this -policy the Navy a^ted tv/o 
jnodels of contalaers;- 

1) a model, as per enclosec Pigs. 3 and 4 - manufactured 
by the Bridgeport Brass Company 

2) a model as per Fig. 5 - manufactured by the Penn- 
sylvania Engineering Company. 

Ihe type of dispenser manufactured by Bridgeport 
Brass Company is fully described in Pigs. 3 and 4, of 
which’ Pig. 3 is a 10:1 scale drawing of the valve de- 
vice, and Sig. 4, is a full size drawing of the assem- 
bled container. 

Bo the of these models and devices operate on the 
priiicipal the needle valve, Bridgeport model being 
modified to permit discharge of the material up through 
the center of the valve stem. In neither case does the 
valve stem mate v/ith a ground seat. Instead advantage 
is taken in the difference in hardness between the valve 
and the valve body materials; and of the meclianical 
advantage offered by the af ormentioned threads is im- 
portant to the development at the line of contact (be- 
tween the conic la portion of the valve stem and the valve 
body ’'corner" of) a compressive stress exceeding the 
elastic limit for the valve body material, 'Thus, there 
is accomplished a plastic deformation of the valve body 
at the line of contact with the stem, which deformation 
becomes the formed seat for the valve stem. In the case 

of the Bridgeport valve ^ an ultimate value for the clcBing 
torque of approximately 11 inch-lbs. Is sufficient to 



secure a tight joint between the valve siM and the valve 
body. A certain amount of yrinding action between the 
valve stem on the valve body at the point of contact 
is developed due to the difference in between the con- 
tacted surfaces, tends to refine the seat with repeated 
use of the valve. This ee^ral type of valve device 
has been eminently successful in use and is now being 
adopted standard for all Army and Navy contradts. 


Introduction — (^oneral .Icthod of AoroUWl j)ispenslni^; - 
'jJho general ino'fnod of * opoool disuensin" consists of 


I* the diof’olvin-j of solids ard/or liquids 
in lov/ boiling ooint liquids; or the fl5s- 
solvln(2; of tlio solids and/or the liquids 
in a natcrial v/hich is niscible v/itli a 
loiv bo iliac point liquid 
2* tho formation of a spray as tbo result 
of the expulsion of tbo liquid phase 
tbrou^b- 3 small orifice under tho Influ- 
ence of tho vapor pressure exerted by 
tho low boilinc point component 
In brief, tho cc>noral theoi-^y of tho aerosol dSsponsinc 
inothod involves the use of a low bollinc point compoumt 
in a raixturo in such oroportions th-’t vaoor nrosst^ro 
over tho mixture is of such an order as to permit the 
propollinc of the mixture from any container in v;hich 
it is stored. Tliis method of dispens e v/hen per- 
forraod with a properly deai^^ned dispenser, results in 
n fine spray which leads to the dispersion of tho dis- 
solved materials in the forra of a finely divided mist. 
i.Iost of tho w'oidc done in this connection is that of Dr* 
hylo }>• Goodhue of the Dcoartriioiit of Acriculturo, belts- 
villo Station^ riaryland* 

Dr* DoodliuG’s early work included the use of var- 
ious of tho molooular weicht Jiydpo carbons such as oro- 
nano, butane, and many of the low r.iolocular v/oirht chlor 
inated hydrocarbons, as the hich vapor pressure compon- 


ento of varioW aerosol Hr. &^huo found 

fch.at the lov; molecular saturated hydrocarbons 

(sucli as uropano > butane ^ prosonted liasards 

from standpoint of explosions due to the formation 
of oxploaivos mixtures of the hydrocarbon v;ith air on 
release of the mixture; and ho also found most of tho 
low boiling point chlorinated hydrocarbons to be un- 
s;vbisfactory from the standpoint of toxicity# His 
early vjork Is concernod with the of h >uc©- 

hold pests, althou^jh he has racently oxtonded uhis 
work to ..any other uses, as for exomolo in tho dis- 
persion of killing aconts in r>lant post control. 

3ir* Goodhue *3 ivork of recent is conterod around 
the use of I'rcon 12 as the lrl[p vapor preesure; oropellant 
modiuiii. iiic use of Freon 12, in his recent v/orir, was 
baso.'d upon tho fact that freon is neither tox.LC, nor 
does it form explosl' c mixtures with axr . '.hile the 
aerosol method of dispensing has been used in the 
dispensing; of plant liormonGo and ;)lant pest controls 
only on an experimental basis, the uso of a mixture 
consisting of 2b pyretimmi, S; sesame oil, and 
i’rcon 12 has been v/idely applied In the Armed forces 
in doallnj with the i.josquito pro tl era in t};osc sec- 
tions of the wor Id wher e 3 nalar i a i s c om:H o n • Thi s 
mixture, packed in containers whicn sx^all be des- 
cribed below has been used by men under comb6it con- 
ditions to "tlirow off” jaosquitos, has been used to free 
barracks and pyroitidal tents of mosquitos’ and Oohe..* 
small insects, and has been used to trans- 

'--].:sn0clally whore Indoor use of the aerosol mixture is 
projected. 


port piano 8 ro turning roroi^n ra^pf'-no to the Ihilted 

States* In this connection j 'leaso note e:coT o:] t (1);? 

v;hich include Hovy specifications for the aerosol mix- 


turo ns deccribcci above ^ ar. v:oll as odiibits 2pS, and 4^ 
containinij other f^ortinent data. 

II* Survey of Contents of this Report:- 


It is our intent:] on to 
subjects in connection tvltli 
in the i'ollovjin;^ soqitencc* 


treat with the follov;ln,j 
oroGol dilcpens ’ inothod^, 


1. the dcsi^-D of ncronol diS'-'cnser valves 
and tjhc dcs:t^n of aerosol dispensing 


containers 


2. the dosi^^n of equir-nent for the comoound- 
in^;; of the pyre thruni-se same v’rcon mix- 
ture 

o. the Ocol^n Ox ooth manual and automatic 
types of aerosol container fillin^^ ma- 
chines as used :ln tho main rill;U)j plants 
4. tho design of equipment for tho roi'lllii:!; 

of tho containers under field cond.lt5.ons 
h, lastly p tiio rovleiv of tlie nros.oocL'S for 
thi s dove lopmen t 


1 5 1 . Aerosols 

nicn tho use of the p;'prothri;-m-scGamo- >oon ra;lxtin*c 
v*as adopted by the Ariricd Forces, tv/o definite schools 
of th 0 Ut,:ht repardliip; the use of d:’ spcnsiinp. valves spran 
ue vzlthin tho Xinited States Army. One school, moved 
lar^j'Oly by tho desi^.'^o to instiUtto pz'oduction of aerosol 




containcPG at the earliest ; Oociblo niOiacnt and also aiovGcl 
d;; the thought that tho col' and potnpnln/; o.f the 

aerosol containers to f icld-rillin. , depots xvaulcl con- 
stitute a c-umhersome quart crania step prohler.i, adopted a 
container that did not involve a formal valve dovlcs. 


Instead, tho eai'’ly one -pound contalnors distpihi/.ted 
to Army Porsonnol was of the construction shoxvn in fi^’- 
uro ( 1 ) • 

In hrlof, tho tostin^iouso aerosol contalnor 
was based upon a cln^ile usoa^;©, so far as th- Army 
quartermaster is concerned, r^or reasons that \;o shal? 
explore later, liov/over, it will bo obsorA'Od that this 
constituted and unnecessary waste of material* 

Tho method of nutting' the container (shown in 1 ) 
into use consists ofs- 

1) inverting the container so that tho stanrlpine is opened 
to the van or nhaso 


2) holding; tho container in the position set forth in 
(1), .lln^i tho wire shown (I’iol) until the fused 
joint is broken, .joining the pooling wire to the base 
of the dischar, ,0 nipulo thero-by permitting the os- 
.capo of Troon vapor from the container 

3) to start the spray, the container is again Inverted, 
this time p]acing the standpipe open and in the li- 
quid phase 

4} when sufficient amcaints of the spray has been used, 
the container is again invortec sc in (1) and the 


Soo Pago 


of tho 


ff 



cap sliovin in i'lC-* X is tlu’eaiir d on the All 

Ruccecsivo usea of fcVo con’** :or until crOiauctxon of* 
the container .Involve ropotion of stcpa and 4. 

Approximately 7,000,0* '0 containera of this construction 
have already been provided to tho Amy* On an avera^jc, 
those have been proportioned in bad. malarial areas to 
the extent of six thousand containers per division. 

To the best of tho m-ltor^s hnov/lodco, approximately 
twelve million more ccntninorc aro nov/ on order v/Ith 
tho 0 s t i n ^hou sc c oinpa n y • 

A second model o.f container, still based on tho 
”throx 7 ~a\my principal", is manuf acturoc3 by tho Arm- 
stror^sbnGineorln- Company for the Army. Hiis model 
involves a tvio pioco container, after tho style of the 
\Voctin;_.ho^^5G contalr or, although somevhnt di3:*fcrcnt In 
shape. Its principal difforc’icc from tho ■ eso.’-aohouso 
I'liodel disponsor lay in that it involved a formal 
valve dovicG , as v/ill to aeon In i'i.i* 2* A puncturaole 
soft motal seal is laid down on a shoulder of tho valve 
body and is heat-fused to the ^^alvo body. This is done 
prior to tho filling: to the container, tho oontainor 
boiiiij filled throu-jli an opeiiiny In the opnosito end flora 
the valve* TJic 0 U 6 n 5 nj thr-uyh which fillin:: is done 
la tor becomes point of placement of a fus5ble metal eluf> 
’Hio vlavG body consists of an internally threaded niem- 
bor having shoulders ;--one against wnich a soft 

motal seal is binder ) 5 and '-no sjainst which tho rooprene 




i^askot is drive a by the action oi' tha vc,^K ctciu. TIic 
valve QtGi:: consists of a ■.od head scrcv: provided 

\7itih a sboaldor ajjainst xfnloli the no opr on© ^aslrot acts 
and providod v/ith a conical end* TIiG conical end pro*- 
vides a means, v/hsreby tlio soft notal real is punctiU'Od 
when the container is put into use. ilac shoulder on 
tho valve stem provides tho companion surfaco to the 
valve body shoulder' against v/Mch tho nooprono gasket 
is driven v/hen tho sealin,^. oi tho container ^s contents 
is required, ‘iiio neoprene ijasket is of smaller dl erne ter 
than tho tlirccxda, thus permittin:.; the valve stem to in- 
troduce the -aslcet into the vrlvo bod:^. put tho con- 
tainer into successive useai;;o for any single char^jo , 
the valve atom is scrovrod qx:v:j from the valve body 
shoulder against v/hich the iiGOprune jashot is cemOTOSsed, 
thereby permitting the flo’v of the aerosol fluid up to 
the upper parts of the valve body and .Its G:;it from the 
1/32" diameter jiolo, shov;n in Flo ^ fine 

thread bct77scm the valvo stem and the valve body and a 
close fit between the two tlir cads develops a seal a^^avnsfc 
leakage alon/; tho entire lon,p:h of the threads and out 
fromi tho top valvo body, since by so doin^ tho friction 
drop required of the fluid if leauiny is to oc cor c:k:- 
ccGds the friction drop required for empulolon oT the 
fluid through Uio l/o 2 ’' dicauctor hole mentioned above. 

Tiie United Sl/atGG navy pnt the use o], aerosol Domos 
into effect at a considerably la. ter date tnah the Aimi;/ • 
T’rom the l)epinnin., the Gn,J.nGoriu;j division of the Favy 
c omitted itself to a container v/hich could oc refilled 


in tho field 


In line tbir. r^ollc:/ 1;‘ho TTa^^y t'y70 

raodo la of containers :- 

1) a inodol, aa per oncloGOt acturoa 

by the i:ridi:;oport .•:rass Conpany 

2) a Kiodol as por r’lj. S - liianufacturcO. ’o->- tlio Penn- 
sylvanla Kn^inoerinb Gornpany* 

‘HiG typo of dlspcnsoi’ manufactured by Trid^.eport 

Brass Company Is fully described in Fl{jS* S and 4-, of 
v/hich Ficj* o is a 10:1 scale drav^dn^ of the val-ro do- 
Vico, and ^ di^aulnc of the asson- 

blcd container. 

DothG of theco models and dcvicos operate on the 
principal the noedlo valvo, brid^oport model beinij 
modified to permit discliar^o of the material up through 
tho center of tho valve stem. In neither caco does tiic 
valvG stem iiiato ivitli a ^round scat* instead advanta^^c 
is takon in tho difforance in hardness botv/con tho valve 
and the valvo body materials^ and oi the luccj’anical 
advantai^o offered by, tho aformentioned threads is in- 
portant. to the dovolopmcnt at the lino of contact (bo- 
tivecn the conicla eortion of bhe valve stem and the val/e 
body "corner*' of) a compressive stress or.cecdinG tho 
clastic limit for the valvo body material* ’fhus, there 
Is accompli shod a plastic deformation of the valve body 
at the Ijno of contact ivith tho stem, rhicli deformation 
becomes the formed seat for the valve stem* In the case 
of the Bridd;oport valvo, an ultimate value for the clcoin^ 


torque of approximately 11 inch-lbs* is sufficient to 



secure a ti-fnt joint 'oet-.voon thn valvo Ob.uH and tiao val\^ 
body. A co-’tsin amount of ■ ' ndinc action betuoon tlx- 
valvo otoM on tlao valvo body at the point of contact 
is (levolopad duo to the differonoo in botnoon tho con- 
tacted surfaces, tondo to rofine the seat v/lth repeated 
use of tho valvo. 'Xhis (jcnor-al t;-uo of valve device 
has been omi.nanfcly successful in use and is now boin;; 

. adopted standard for al.1 Army and Havy contradts. 
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liATSRIAL FOUND IK AOODSi SOX 
IN BASi2Ii*,KT CF GOLD’S HOTS 


TItj atove exhibit, consisting: oT a folder holding several blue prints, was 

exhilited to GOLD on June 22, 1950. They are identified as follows: 

> (1) A print of the CIUUmGY DESIGN CCm^ORATIOlI, //102-F, entitled "Chemurgy 
j Dia^r amnia tic ItLov; Sheet for Nickel Catalyst Pellets and Vehicle Pro- 

i tected Nickel Catclyst,” dated Septeuber R. , 19li2. This v/as drav/n by 
ARTiIJR P. 

.\ 

(2) A print of the Chemurgy Flan ^lO^-BR, dated August 20, 19i;2, entitled 
’’Assembly Detcdls fer Dry Reducer - The RUPERT CUE.^1ICAL COLPAWY, 

Seymour, Connecticut," This was drawn bj- R« K, T,, and checked and 

.. \« approved 03 ' ARTHUR P, LEBER. 

(3) A print of the Chemurgy Plan yl05-Bl, Dated August 19, i9U2, entitled 
’'Intermediate Guide Bearing for Dry Reducer ~ TliE huT’BRT CIIBIICAL 
COhrANY, Seymour, Connecticut." This was drawn by H. K, T. and cheded 
ana approved by LEDIS. 

(Ij.) A print of the Cheraurgy Plan #105“C1, dated August 17, 19U2, entitled 

^ "Dry Reducer Section - THE RUPERT CHBillCAL COiIPANY, Seynour, Connecticut." 

'V .. This was dratvr>by LEBER and checked by BROTHIIAK and approved by VrEBEH, 

\ (5) A print of the Chemui’gy Plan ^105-D1, dated August 29, 19iii, entitled 

\ "Di-y Reducer - THE RUPERT CHEhlGAL COEPAl-j'Y, Seymour, Connecticut." 

This was dravjn by '..‘EfiE?., checked by BROTFLIAN and approved by L'SDER. 


GOLD advised t^iat the above material all referred to the RUPERT Plant which 
worked on a nickel catalyst, and for which plant BKOrdtAiJ did work 7/hile at 
Chiemui'gy. GOLD advised that DROTIL'AK gave all of Unis material to him for sub 
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SAC 

June 2hy 1950 


laicsion to the Soviet Union but GOLD did not turn this material over to SAI.: 
because SAl' had told GOLD that the Soviets were not Interested in anything 
which was BHOTlELUUs own work or design, GOLD added tliat at tliis time SAL! 
was trying to get GOLD to persuade BROTF^AN to go to work for one of the 
big rubber manufacturing companies. 
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Exhibit 6I^-U3Q7-1B-I2 (2) ~ Envolope #1 

maiA ENVELOPE FOE® IN L'OODEN BOX 
Il-j BASEIIB?3T OF GOLD'S PIOIX 


A* 


l?he above exhibit was shown to GOLD on Juiie 22, 19^0. 

Gonbainod in this envelope Yjore sBvcrrbi bianV: iaconio tax rotnrns (federal) for 
the year of 3.9^2. GOLD said that these -srere just extr:. for-Bv-: that ho liad ol.~ 
tained and never used. 

Also contained in this envelope was a shipping order, dated January ll+, 

191^3, from the ENTERPRISE IZLL SOAP WORKS to U. E. DOUGIsriTI at the PEKhSlLYAKIA 
A-LCOHOL CORPORA'" lOH. One pound of sample grease renover was consigned to 
DOUGHERTY. GOLD stated that this invoice i.iust iiave inadvertently been mixed 
in with gold's paners. 

t' 

i '\-AiGO contained in this envelope v;ero vdiite sheets of paper, nrunbered 1 throevRh 
^ and 17 through 25- GOLD ideiitiXied this as being in his handwriting and 

advised it goes with the niaborrcoL contarne.’ in nxhioit 13—12 (2) — ainvelope ^2» 
t He sfdd it concerned mixing equipment and mixers anu that like Envelope #2., the 
y CBiterial had bean given to hba by PROTfldAh for subiri-ssion to the Soviet Union. 

AJ-SO contained, in this envelope 'wets one wo.itc sheet oi tjaper and one yellov*: 
sheet oC paper, containing what appears to be expiations. GCLJ- stated t-his is 
not in his handvrritinc* He said it i:d.>ht bo in .bROTlt AL's h.'Uiteiting and 
hfc' does not know to what it refers. 
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■■.ji^i^omcsticSti-aightBiilofLadinu.adoptedbyCari-iersinOfricial, Southern, Western and Illinois Classification territories, Mar. 15, 1922, as amended Aug. l,19S0,and June 15,13'U,) 

SHIPPJNP; nPnFP legibly filled in. in in<, in indflislb 000 91 

<^l 111— I pencil, or (N carbon, and retained by the AGEHr. Shinnpr*!^ ^ C- 


w PENCIL, OR IN CARBON, AND RETAINED BY THE ACEH r. Shinppr*»^ d_ 

y 

COMP.ANY Agent’s No i=cr 


RECEIVE, subject to the classifications and Liriffs in effect on the date of the issue of tliis shipping order, 

X^ 'f 194 _*y_ _ From ENTERPRISE MILL SOAP WORKS 


phuadeiphia. Pa.. I-,; i94_u_ From 1 E.nrms3£:, j.vax.L, Du'/ir vyKjnE^i 

■}t property des r,! : . |,,w, in spparent good order, ei;cept ad note*! (contents and condition of contents of packages unknown), marked, coiwigncd, and destined as indicated below, which gaid company (tlio word 
Qinpany being un-ii ' ronghoiit this contract as meaning aiyr person or corporation in iiossession of the property under the contract) agrees to carry to its usual place of delivery at said destination, if on itj 

xn road or its own .. r v, -.e, othetwifo to deliver to another carrier ou the route to said destinatinn, U is umiually agreci, as to each carrier of all or any of said pcopecty ever all or any portionof saW route to dcsti- 
atioB, and as to <’«< '. • i;, ..t any time iotcresteti in all or any of said property, that every service to be Mr.^onned hereunder shal! be subject to all the cooditions cot pruhibited by taw, whether printed or written, 

ercin eontalned, iri.luai..i the cooditions on back hereof, which are hereby agreed to by the shipper and accepted far himself and bis assigns. 


ercin contained, iri.luui..i the conditions on back 


^llail or street address of cousiguco — I'of purposes of notification oal. 


nsigned to 


’ination 


te 

liverln g Carrier 

W DewripOon tpf ftuic!«v. 

Special Marks and Eecipiions 

Clecftlttg Compound 


ga 


. ; icoiui, 


irVtl* itliV - 


♦WEIGHT 
(Sub. luCor.) 

“CiiSi 
or Rate 






Spocr.i] and ExchOtionj 


’^WLKiilT 
(Sub. (.Jor.) 


BbL 

Drums 



Subject to S'pclJon 't of conill* 
cton.^. if lbl4> fihipmufit t«» b« 

I fTt'IUt'mi tr> tbp consienfo 
out iPcourse on the con.slefnnr., 
tho to">^i8riiir shrull slim the fol- 
lou'hijf ^latcTiieiU* 

.shAil net m3Le tie- 
nf D-lft Ivr Mlvpry of lh!% *5hipn5cnt without 
ui ij p tv .r fre-teht flifbd otbee 

[ Jeiwfiu chnrgcs, 


(Siunature of cT*T»iipioT.^ 



Drums Relumed 


Carboys Relumed 


thfi fihiDcaent moves between two port« by a carrlar by water, the law requires that tho^bllt cf-^Ia<J<n5f shaU^ateii* whothcr it is '‘currlef's or ahlpper*a Weight.'* 
«)TE— the rate u tiependent on value, shippers are roouJrcrf to atate ajK-olilwlly/in ^riting the agafeeJ or decl/red value of live pri>i>cfiy, ^ 
eareed or deciareo value ct the property le hereby / ^ 

i fically stated by the abipper to be not enpeedinq., . r — -. j -..^per ' ~‘ J — r ^ g / ■■■■■ Z^ 

“ . / / \ / I .1 ' — J 

lEBPBISE MIU SOAP WORKS, Shipper, Per / J ^ oi^EB^AND MUST SK 

rtnandnt post-office address of shipper; 2229 N. I2th SL. PHILADELPHIA, PA. # * 


Itvcclved $ 

to o?>piy irv “lire pay merit of u7e 
charges oa the properly 4c^rlUHl 
hereuu. 


Agent or Ci^hliv. 


(The signature here acJ^n'iwi. 
edgea only the amount pre.Nil'l.* 


( Chargee 

j advanced: 


i'ir dCENT MUST DETACH AND RETAJH THIS SHIPPING 
OBOEB AND MUST SIGN THE ORIGINAL .6IU Of LADING 







r iv>*v ^ 

TREASURY DEPARTMENT 

IStKJlKAl ReVENPB SerVJCS 


UNITED STATES 




uiNi lE-u j>i Ai 194.2 

IN0WIDUAL INCOME TAX REUrN , 

THIS RETURN MAY BE FILED INSTEAD OF FORM 1040 BY CITIZENS D^ not write in tht.c 5pac« 
<OR RESIDENT ALIENS) REPORTING ON THE CASH BASIS IF ^ 

GROSS INCOME IS NOT MORE THAN $3,000 AND IS ONLY 



FROM SAURY, WAGES, DIVIDENDS, INTEREST, 
AND ANNUITIES 


PRINT NAME AND HOME OR RESIDENTIAL ADDRESS PLAINLY BELOV/ 


(Name) (Use given Dames of both busbaad and wife, if lots is a joint retuta) 


(Post office) 


(Sbeet and munber, or rural route) 


(County) 


(Cashier's Stamp) 




Social Security 

Occupation nurabcr, if any 

Name and address of employer 



(1/ you had more than one employer, attach statement showing name and add.rofte 
and amount received from each) 


DEPENDENTS ON JULV 1, 1942 

List persons (other than husband or wife) dcrioin^ ihzir chief support from you if they are under 18 years of age or if they are 

mentally or physically incapable of self-support 


NAME OF DEPENDENT 


RELATIONSHIP 


IF 18 YEARS OF ACE OR OVER. GIVE REASON FOR LISTING 


* GROSS INCOME LESS ALLOWANCE FOR DEPENDENTS | 

! . Salary, wages, and compensation for personal services - 1 $ — 

2. Dividends, interest, and annuities - 

3. Total $ - 

4. Less; $385 for each dependent — 

(If you are the head of a family (set definition under item 6 on other side) only because, oj <ltpindeni{s) listed above, $385 for each 
listed dependent excefil one.) 

5. INCOME SUBJECT TO TAX $ 

TAX 

6. Tajt on item 5 (from Column A, B, or C of tabic on other side) ; $ - 


I/we declare, under the penalties of perjury, that this return has been examined by me/us, and, to the best of my/our knowl- 
edge and belief, is a true, correct, and complete return, made in good faith, for the taxable year stated, pursuant to the lnternal 
Revenue Code and regulations issued under authority thereof; and that I/we had no income from sources other than stated hereon. 


1943. 

{Date}* 



F'iltnf' rcQUiramcnt . — An income tax return inuet be fijed by single 
persons h-iivlng a gross income (item 3 above) of $500 or more and 
married persons having a gross income either separately or combined 
of $1,200 oj’ morr^. 

* Military tzncf naval pcrxonnc/.-“Mcmbcrs of the military or naval 
forces of tf,o UtiLted Stales below the grade of commissi onecl ofEcor on 
December 31, 1!M2, should not include in gross income the first $250 if 
single on such date, or the first $300 if married or head of a family on 
such date, received os compensation for active service. 

Rcta rna of httsband and tei/e. — Husband and wife may use this 
form as a joint return if they were living together on July I, 1942, and 
if their combined gross incornefor the calendar year is not more than 
$3,000. A separate return may be made on this form if the gross income 
for the calendar year of the one filing the return is not more than 


(Signature) 

(If rtlurn inciuiics 'rro.ss income of both m 5“c:ntj And vife, it be signed by both.) 


$3,000, except that in the case of a husband and wife living together at 
any time during the calendar year separate returns may not be made 
on this form unless each elects to use this fornt. 

Allouianco for dependents . — Allowance of $385 for each dependent 
is applicable when this form is used. Where Form 1040 is used, the 
allowance for each dependent is $350. 

Atnendcd rctarns . — If a qualified t.axpayer olcctc to uso this form, 
amended return may not be nrado on Form IQ40, 

Fillnf; of returns and payment of tax. — The retu.-n must be filed 
•with the Collector of Internal Revenue for your district on or before 
March 15, 1943. Tbo t.'XX may be paid in equal quarterly installments 
commencing March IS, 1943. Pay tax. if any. to the Collector and if 
payment is made by check or money order, make payable to “Collector 
of Internal Revenue." 















INDICAlE YOUR STATUS ON JULY 1, 1942, BY IVACINO CHtOK. MARK is/) IN ait ArRLlLABLt RLUUK iU) Kt-LUW 


I . Single (and not head of family) on 1 , 1 942 Q 


2. Married and not living with husband or wife (and not 
head of family) on July I, 1942 Q 


IF you CHECKED No. I OR No. 1 ABOVE, FIND YOUR TAX 
IN COLUMN A 


3. Married and living with husband or wife on July 1, 
1942, hut each hiing separate returns on this form.. Q 


IF YOU CHECKED No. 3 ABOVE, FIND YOUR TAX IN COLUMN B 


4. Married and livlnPWth husband or wife on July I, 
1942, and spouse had no gross income for the entire 
year 


□ 


5. Married and living with husband or wife orv July I, 
1942, and this return includes gross Income of both 
husband and wife for the entire year Q 


6. Head of family (a single person or married person not 
living with husband or wife who exercises family 
control and supports closely connected dependent 

relative(s) in one household) on July I, 1942. Q 

(State number of such dependent relatives ) 


IF YOU CHECKED No. 4. S, OR 6 ABOVE, FIND YOUR TAX 
IN COLUMN C 


IF 

lncom« iijbject to Ux 

COLUMN 

COLUMN 

COLUMN 

c 

IF 

Income subject to tax 

COLU.MN 

COLUMN 

B 

COLU.MN 

IF 

Income subject to tax 

COLUMN 

COLUMN 

COLUMN 

(iUm S on oth^r side) is 




(tiam S on other aiSe) ix 



(Item 5 on other aide) U 




Orcr 

But not cr^f 

Vatu lax ia 

Your Ut it 

Your tax u 

Over 

B^t not oTcr 

Yovkr taa ts 

Tour tax is 

Your lax is 

0»M 

Bill not over 

Your tax \s 

Your tax u 

Your tax is 

$a 

$525 

$0 

$0 

80 

81,350 

$1,375 

$141 

$122 

$10 

$2,17,5 

$2,200 

$283 

$264 

$150 

525 

550 

1 

0 

0 

1,375 

1,400 

145 

126 

14 

2,200 


288 

269 

155 

550 

575 

4 

0 

0 

1,400 

1,425 

149 

130 

17 

2,225 

2,250 

292 

273 

159 

575 

600 

7 

0 

0 

1,425 

1,450 

154 

135 

21 

2,250 

2,275 

296 

277 

163 

600 

625 

11 

0 

0 

1,450 

1,17.5 

158 

139 

25 

2,275 

2,300 

301 

282 

168 


650 

15 

0 

0 

1,475 


162 

143 

29 

2,300 

2,325 

305 

286 

172 

650 

G75 

20 

3 

0 

1,500 

1,525 

167 

148 

34 

2,325 

2,350 

309 

290 

176 

675 

700 

24 

6 

0 

1,525 


171 

152 

38 

2,350 

2,373 

314 

295 

181 

TOO 

725 

28 

9 

0 

1,550 

1,575 

175 

156 

42 

2,375 

2,400 

318 

299 

185 

725 

750 

33 

14 

0 

1,575 


180 

161 

47 

2,400 

2,425 

322 

303 

189 

750 

775 

37 

18 

0 

1,600 

1,625 

184 

103 

51 

2,425 

2,450 

327 

308 

194 

775 

800 

41 

22 

0 

1,625 

1,650 

168 

169 

55 

2,4o0 

2,475 

331 

312 

198 

800 

825 

46 

27 

0 

1,650 

1,675 

193 

174 

60 

2,475 

2,500 

333 

316 

202^, 

825 

850 

50 

31 

0 

1,675 


197 

178 

64 

2,500 

2,525 

310 

321 

207^ 

850 

875 

54 

35 

0 

1,700 

1,725 

201 

182 

68 

2,525 

2,550 

344 

325 

211 

875 

900 

59 

40 

0 

1,725 

1,750 

206 

187 

73 

2,550 

2,575 

348 

329 

215 

900 

925 

63 

44 

0 

1,750 

1,775 

210 

191 

77 

2,675 

2,600 

353 

334 

220 

925 

950 

67 

48 

0 

1,775 


214 

195 

81 

2,600 

2,625 

357 

338 

224 

950 

975 

71 

52 

0 

1,800 

i,te 

218 

199 

85 

2,625 

2,650 

361 

312 

228 

975 

1,000 

76 

57 

0 

1,825 


221) 

204 

90 

2,650 

2,675 

366 

347 

233 

1,000 

1,025 

80 

61 

0 

1,850 

1,ST5 

227 

208 

94 

2,675 

2,700 

371 

351 

237 

1 ,025 

1 ,050 

84 

65 

0 

1 ,675 

1,900 

231 

212 

98 

2,700 

2,725 

376 

355 

2-1 1 

1,050 

1,075 


70 

0 

1,900 

1„925 

236 

217 

103 

2,725 

2,750 

381 

359 

245 

1,075 

1,100 

93 

74 

0 

1,925 

1,950 

240 

221 

107 

2,750 

2,775 

3S6 

364 

250 

1,100 

1,125 

97 

78 

0 

1 ,050 

1 ,975 

241 

225 

111 

2,775 

2,800 

391 

369 

251 

1,125 

1,150 

102 

83 

0 

1,975 

2,000 

249 

230 

116 

2,800 

2,825 

396 

374 

258 

1,150 

1,175 

106 

87 

0 

2,000 

2,025 

253 

234 

120 

2,825 

2,850 

401 

379 

263 

1,175 

1,200 

110 

91 

0 

2,025 

2,050 

257 

238 

124 

2,850 

2,875 

106 

384 

267 

1,200 

1,225 

115 

96 

0 

2,050 

2,075 

262 

243 

129 

2,875 

2,900 

411 

389 

27 J 

1,225 

1,250 

119 

100 

0 

2,075 

2,100 

266 

247 

133 

2,900 

2,925 

416 

394 

276 

1,250 

1,275 

123 

104 

0 

2,100 

2,125 

270 

251 

137 

2,925 

2,950 

421 

399 

280 

1,275 

1,300 


109 

1 

2,125 

2,150 

275 

256 

142 

2,950 

2,975 

426 

404 

284 

1,900 

1 ,325 

132 

113 

4 

2,150 

2,175 

279 

260 

146 

2,975 

3,000 

131 

409 

2S9 

1,325 

I,3/>0 

136 

117 

7 












The income to be reported In this return is gross income (not Including income which is wholly exempt from income tax) 
without any deductions. The taxes in the above table make allowance for personal exemption, earned income credit, and 
deductions aggregating 6 percent of gross income. 


U. i SfiVEHNMdtlT rRIHTIwC 0/riCZ t la'll 


1 «— 31231-1 


5SP5£L 
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TOKM 1040 A 

TREA-SUBY DEPARTMENT 
iNtSRNiuL Revenue Sehvice 


Ut' i iUIN AL. 

UNITED STATES 


tALtWUAK IfcAK 

1942 


A UNITED STAl ESS A 1 Q 4.0 

INIMIDUAL INCOME TAX REWRN — 

THIS RETURN MAY BE FILED INSTEAD OF FORM 1040 BY CITIZENS Do not write in these space. 
(OR RESIDENT ALIENS) REPOa .'iNG ON THE CASH BASIS IF s*nA 

GROSS INCOME IS NOT MORi THAN $3,000 AND IS ONLY 

FROM SAURY, WAGES, DIVIDENDS, INTEREST, 

AND ANNUITIES (Cashier’s Stamp) 



PRINT NAME AND HOME OR RESIDENTIAL ADDRESS PLAINLY BELOW 


(Name) (Use given names of bolh husbaod and wife, if this is a joint ictwn) 


(Post office) 


(Street and number, or rural roule) 


(County) 


Social Security 

Occupation number, if any , 

Name and address of employer 


(If you )i&d more than one employer, attach etatement »hcrwingr name and address 
and arnount received from each) 


Cs-sb — 0* 


DEPENDENTS ON JULY 1, 1942 

List persons (other than husband or wife) deriving their chief support jrom you if they are under 18 years of age or if they are 

mentally or physically incapable of self-support 


NAME OF DEPENDENT 


RELATIONSHIP 


IF 13 YEARS OF AGE OR OYER, GIVE REASON FOR LtSTING 


GROSS INCOME LESS ALLOWANCE FOR DEPENDENTS j 

1. Salar/", wages, and compensation for personal services - -1 $— 

2. Dividends, interest, and annuities - - - -1 - 

3. Total - - , -J $ - 

4. Less: $385 for each dependent ! - 

(If you are the head of a family (see dclinttion. under item 6 on other side) only h^caus: of Jepcricicri((s) lisUj aioct, $385 for each 
listed dependent except one.) 

5. INCOME SUBJECT TO TAX - - I $ - 

' TAX I 

6. Tax on item 5 (from Column A, B, or C of table on other side) [ $— 


I/we declare, under the penalties of perjury, that this return has been examined by nie/us, and, to the best of my/our. knowl- 
edge and belief, is a true, correct, and complete return, made in good faith, for the taxable year stated, pursuant to the Internal 
Revenue (^ode and regulations issued under authority thereof; and that I/we had ho Income from sources other than stated hereon- 


., 1943. 


Filing vetjairement , — An income tax return must bo Eled by single 
persons having u gross income (item 3 above) of S500 or tnoro and 
married persons having a gross income either separately or combined 
of $1,200 or more, 

* Military and naoal peraonne/. — Members of the military or nava! 
forces of the United States below the grade of commissioned ofliccr on 
Deec.-nber 31, 19-12, should not include in gross income the first $250 if 
single on such date, or the first $300 if married or head of a family on 
such date, received as Comporisation for active service. 

Returns of husband and unfe . — Husband and wife may use this 
form as a joint return if they were Jiving together on July I, V942, and 
if their combined gross income for the calendar year is tvot more than 
$3,000. A separate return maybe made on this form if the gross income 
for the calendar year of the one filing the return is not more than 


(Sijnsture) 

(If this TctuTa iodvjjts iacoaic of both j ii anil vv[fe, it naat be sittned by both.) 

$3,000, except that in the caso of a husband and wife living together ui 
any time during tho calendar year separate returns n\ay not bo made 
on thiu form unless each elects to use this form. 

Allaioanca for depondents . — .Allowance of $385 for each dependent 
is applicable when this form is usod. Whore P'ortn 1040 is Used, the 
allowance inr each dependont is $350. 

Amended veto rps.~" If a qualified taxpayer clectti to use this form, 
amended rctunx rnay not be made On Form 1040, 

Filing of returns and payment of tax . — The return must bo filed 
with the Collector of Internal Revenue for your district on or before 
March 15, 1043. The tax may be paid in equal quarterly installments 
commencing March 15, 1913, Pay tax, If any, to the Collector and if 
payment is made by check or money order, n-iahe payable to **Coiicctor 
of Internal Revenue,” 








LMJlLAir. lUUK 01A1U5 Ul\ JULI I, KI rL.it.IlNU LriLLlV mAJ\lV IlN ArrLiLAPi-L iJi-v/un. v,LJ; Oiii-'.'inf 



4. Married and livm||^.h husband or wife on July h 
1 942, and spouse had no gross income for the entire 
year G 


IF YOU CHECKED No. 1 OR No. 2 ABOVE, FIND YOUR TAX 
IN COLUMN A 


1 3. Married and living with husband or wife on July I, 

I 1942, and this return includes gross income of both 
j husband and wife for the entire year — G 


3. Married and living with husband or wife on July 1, 
1942, but each filing separate returns on this form.. G 


6. Head of family (a single person or married person not 
living with husband or wife who exercises family 
control and supports closely connected dependent 

relative(s) in one household) on July 1, 1942 Q 

(State number of such dependent relatives ) 


IF YOU checked No. 2 ABOVE, FIND YOUR TAX IN COLUMN B 


IF YOU CHECKED No. 4, 5, OR 6 ABOVE, FIND YOUR TAX 
IN COLUMN C 


Inc.m. lo «». COLUMN COLUMN COLUMN COLU.MN 

(Ucffi 5 on other lide) is (item S on other side) is 


I But not oTer lYour tftx U Your Ux islYour Isz u Over I But not over I Your tax islYotir lax bl Your tax 





075 
1,000 
1 ,025 


25 1,050 

50 I 1,075 
1,300 


1,125 

1,150 

1,175 


1,200 

1,225 

1,250 


1,275 

1,300 

1,325 



31,375 

l,d00 

1,125 



1,150 

1,475 

1,500 


1,525 

1,550 

1,575 


1,000 

1,025 

1,650 


1,075 

1,700 

1,725 


1,750 

1,775 

1,800 


1,825 

1,850 

1,875 


1,000 

1,025 

1,050 


1,075 

2,000 

2,025 


2,050 

2,075 

2,100 



Income su 
(ilem S on 

F 

>icrt to tax 
ther side) is 

COLUMN 

A 

COLUMN 

B 

COLUMN 

C 

Orcr 

But not over 

!M 

liiill 

Your tec U 

Your t^i. W 

$2,175 

$2,200 

$283 

$264 

$150 

2,200 

2,225 

288 

269 

155 

2,225 

2,250 

292 

273 

159 

2,250 

2,275 

296 

277 

363 

2,275 

2,300 

301 

282 

168 

2,300 

2,325 

305 

286 

172 

2,325 

2,350 

309 

290 

176 

2,350 

2,375 

314 

295 

181 

2,375 

2,400 

318 

299 

185 

2,400 

2,425 

322 

303 

189 

2,425 

2,450 

327 

308 

194 

2,450 

2,475 

331 

312 

198 

2,475 

2,500 

335 

316 

202 

2,500 

2.525 

340 

321 

207 

2,525 

2,550 

344 

326 

211 

2,550 

2,575 

318 

329 

215 

2,575 

2,600 

353 

334 

220 

2,600 

2,626 

357 

338 

004 . 

2,625 

2,650 

361 

342 

228 

2,650 

2,675 

366 

347 

233 

2,675 

2,700 

371 

351 

237 

2,700 

2,725 

376 

355 

211 

2,725 

2,750 

381 

359 

245 

2,750 

2,775 

386 

361 

250 

2,775 

2,800 

391 

369 

254 

2,800 

2,825 

396 

374 

258 

2,825 

2,850 

401 

379 

263 

2,vS50 

2,875 

406 

384 

267 

2,875 

2,900 

411 

389 

271 

2,000 

2,925 

416 

394 

276 

2,025 

2,950 

421 

399 

280 

2,950 

2,975 

426 

404 

284 

2,975 

3,000 

431 

409 

289 


The income to be reported in this return is gross income (not including income which is wholly exempt from income tax) 
without any deductions. The taxes in the above table make allowance for personal exemption, earned income credit, and 
deductions aggregating 6 percent of gross income. 
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FORM 1040 A 

TRT2A.su Siy DEPARTMENT 

Internal Revenue Service 




iJFTKJiNAL 

UNITED STATES 


INIWIDUAL INCOME TAX REWRN 


ftRl 


CALhNDAK YLAK 

1942 


THIS RETURN MM BE FILED INSTEAD OF FORM 1040 BY CITIZENS Do not write in these spaces 
(OR RESIDENT ALIENS) REPORTING ON THE CASH BASIS IF s.r«\ 

GROSS INCOME IS NOT MORE THAN $3,000 AND IS ONLY 

FROM SAURY, WAGES, DIVIDENDS, INTEREST, pJS 

AND ANNUITIES (ashier’s Stamp) 



PRINT NAME AND HOME OR RESIDENTIAL ADDRESS PLAINLY BELOW 


(Name) (Use given names of both hasbmu! ami wife, if this is a joint return) 


(Post office) 


(Street and number, or rural route) 


(County) 


Social Security 

Occupation number, if any 


Name and address of employer 



(If you had more than one employer, attach statement showing name and addre»s 
and amount received from each) 


DEPENDENTS ON JULY 1, 1942 

List persons (other than husband or wife) dcriomg their chief support from you If they are under 18 years of age or if they are 

mentally or physically incapable of self-support 


NAME Of DK»ENDENT 


RELATIONSHIP 


IF 15 YEARS OF AGE OR OVER, GIVE REASON FOR LISTING 



=* GROSS INCOME LESS ALLOWANCE FOR DEPENDENTS 

1. Salary, wages, and compensation for personal services 

2. Dividends, Interest, and annuities 

3. Total $ 

4. Less: $385 for each dependent. 

(If you are the head of a family (see defiriition under item 6 on other sicie) only hzcausc oj de!)cndcn({s) listed above, $385 for each 
listed dependent except one.) 

5. INCO.ME SUBJECT TO TAX $ 

TAX 

6. Tax on item 5 (from Column A, B, or C of table on other side) , $ 


I/we declare, under the penalties of perjury, that this return has been examined by me/us, and, to the best of my/our knowl- 
edge and belief, is a true, correct, and complete return, made in good faith, for the taxable year stated, pursuant to the Internal 
Revenue Code and regulations issued under authority thereof; and that I/we had no income from sources other than stated hereon. 


(Ssgnalure) 


Filinsr I'cijaircmant, — An income tax return rriu^t be filed by single 
persons baving a gross income (item 3 above) of $500 or n,ore and 
married persons having a gross income either separately or combined 
of $1,200 cr more, 

* Military and naval personne/.—Members of the military or naval 
forces of the United States below the grade of commissioned officer on 
December 31, 1942, should not include in gross income the first $250 if 
single on ^ucH date, or the first $300 if married or head of a family On 
such date, received as compensation for active service. 

Returns of husband and ujjYc.— H usband and wife may use this 
form a* a joint return if they were living together on July 1, 1942, and 
tf their combined gross income for the calendar year is not more than 
$3,000, A separate return may be made on this form if the gross income 
for the calendor year of the one filing the return is not more than 


(Signature) 

(If ttii.s return IneWt«RTOs!i inc<inie of Wb Iiuslianci and wife, it must be signed by both.) 


$3,000, except that in the case of a husband and wife living together at 
any time during the calendar year separate returns may not be made 
on this form unless each elects to use this form. 

Allowance for dependents. — Allowance of $385for each dependent 
is applicable when this form is used. Where Form 1040 is used, the 
allowance for each dependent is §350. 

Amended rotarns,-~I( s qualified taxpayer elects to use this form, 
amended return may not bo made on Form 1040. 

Filing of returns and payment of tax. — The return must be filed 
with the Collector of Internal Revenue for your district on or before 
Alarch 15, 1943. The tax may be paid ir> equal quarterly installments 
commencing March 15, 1943. Pay tax, if any, to the Collector and if 
payment is made by check or money order, make payable to “Collector 
of Internal Revenue.” 














1. Single (and not head of family) I, 1942 □ 

2. Married and not living with husband or wife (and not 

head of family) on July I, 1942 Q 


IF you CHECKED No. 1 OR No. 2 ABOVE, FIND YOUR TAX 
IN COLUMN A 


3. Married and living with husband or wife on July 1, 
1942, but each filing separate returns on this form.. Q 


4. Married and livii^J^th husband or wife on July 1, 

1942, and spouse nad no gross income for the entire 
year □ 

5. Married and living with husband or wife on July 1, 

1942, and this return includes gross income of both 
husband and wife for the entire year Q 

6. Head of family (a single person or married person not 

living with husband or wife who exercises family 
control and supports closely connected dependent 

relative(s) in one household) on July 1, 1942 Q 

(State number of such depeirdent relatives ) 


IF YOU CHECKED No, 3 ABOVE, FIND YOUR TAX IN COLUMN B 


IF YOU CHECKED No. 4, 5, OR 6 ABOVE, FIND YOUR TAX 
IN COLUMN C 


IF 

Income subject 1o tax 
(item 5 on other aide) ia 

COLUMN 

A 

Oeer 

Uul not orer 

Vour tax is 



Income subjecl tn tax 
(Item S on otlier aide) is 


COLUMN COLUMN COLUMN 
A B C 



80 

Cl 

84 

C5 

8I> 

70 

93 

74 

97 

78 

102 

83 

IOC 

87 

1 10 

91 

115 

9C 

119 

100 

123 

104 

128 

]09 

132 

113 

13C 

117 


$0 $ 1 , 

0 1 > 

0 1 , 

0 1 , 

0 1 , 

0 I, 

0 1 , 

0 1 , 

0 1, 

0 1 , 

0 1, 

0 1 , 

0 1 , 

0 1 , 

0 1 , 

0 J, 

0 1, 

0 1 , 

0 1 , 

0 1 , 

0 1 , 

0 I, 

0 1, 

0 1, 

0 i, 

0 1, 

0 '.1,000 

0 2,025 

0 2,050 

0 '2,075 


■ 


' 2,100 

2,1*25 

2,lo0 



Incomo subject to tax 
(item 5 on other aide) is 


$2,175 

2,'200 


2,250 

2,275 

2,500 

2,525 

2,550 

2,375 

2,400 

2,425 

2,450 

2,475 

2,500 

2,525 

2.550 

2, (JOG 

2,025 

2,050 

2,075 

2,700 

2,7'25 

2,750 

2,775 

2,800 

2,825 

2.550 
2,875 
2,000 

2,025 

2 ,f ).>0 

2,975 


2,275 

2,500 

2,325 

2,350 

2,375 

2,400 

2,425 

2,450 

2,475 

‘2,500 

2,5'25 

2,550 

^ 4 t> 

' 2,000 

2,025 

2,050 

2,075 

'2,700 

2,725 

2,750 

2,775 

2,800 

2,825 

2,850 

2,875 

*2,900 

2,925 

2,950 

‘2,975 

3,000 


COLUMN 

COLUMN 

COLUMN 

A 

B 

C 

Your ij 

your tax is 

Your tax is 

$283 

$264 

$150 

2SS 

269 

155 

292 

273 

159 

296 

277 

163 

301 

282 

168 

305 

286 

172 

309 

290 

176 

311 

295 

181 

316 

299 

185 

322 

303 

189 

327 

308 

194 

331 

312 

198 

335 

316 

202 

340 

3'21 

207 

344 

325 

211 

348 

329 

215 

353 

334 

220 

357 

338 

224 

3G1 

312 

228 

3CC 

347 

233 

371 

351 

237 

376 

355 

241 

381 

359 

245 

386 

364 

230 

391 

369 

254 

396 

374 

258 

401 

379 

263 

406 

384 

207 

4X1 

389 

271 

416 

394 

276 

421 

399 

280 

426 

404 

284 

131 

409 

289 



The income to be reported in this return is gross income (not including income which is wholly exempt from income tax) 
without any deductions. The taxes in the above table make allowance for personal exemption, earned income credit, and 
deductions aggregating 6 percent of gross income. 
















































Trtin«i«ry Deportrnont 
Interna) Revenue Service 



INDIVIDUAL INCOME TAX REXURN 


OPTIONAL IVpn lOiOA MAY CE FILED INSTEAD OF THIS FORM IF CR(3*PfNCOME IS 
REPORTED ON THE CASH BASIS FOR THE CALENDAR YEAR. IS NOT MORE THAN $3,00(1, 
AND CONSISTS WHOLLY OF SALARY. W.AGES. oTUER COMPENSATION FOR PERSONAL 
SERVICES, DIVIDENDS, INTEREST OR ANNUITIES. 


FOR CALENOA.R YEAR 1942 



(Do not use these spaces) 


cr fi scal year beginning , 1.^42, and ending , 1943 

PRINT NAME AND ADDRESS PLAINLY. (See Instruction C) 


(Nftme) (Use pir«n name» of both husbend ftnd wife, U this U a joint return) 


(Street and number, or rural route) 


(Occupation) 


(Social Security number^ if any) 


(Name and address of employer) 


(H more iFan one c/nplover, altafli sl.itcmcnl siiovfinf nan<c and address and amount rcceirej from each) 


Item and 
instruction No. 


INCOME 


DcductiiJe Erpensej ] 

(Atlftcii Uoirtij.d •tnLdni.nO 


1 . Salaries and other compensation for personal services, $ $ 

2. Dividends •- 

3. Interest or. bank deposits, notes, etc 


amortiZahU 
bond premium 

4. Interest on corporation bonds, etc $ $.„ 

5. Interest on Government obligations, etc.: 

(a) From line (/»), Schedule A $ $ [ 

(^) From line (/)» Schedule A — $ $ 

6. Rents and royalties, (From Schedule B) — ■_ — 

7. Annuities-— — - — — 

XTEMS S 9, ANH 10, IIKI.OW (AND PAGjFs 3 A^I> 0 NEED NOT HE COJ^SIOKllED 
U N L l ess YOU HAVE INCOMH (OH LOSSES) IN AOUnTOK TO ITEMS AUOVK. 

8. (a) Net gain (or loss) from sale or exchange of capital assets, (From Schedule f). 

(i) Net gain (or loss) from sale or exchange of property other than capital assets. (From Schedule C)„| - 

9. Net profit (or loss) from business or profession. (From Schedule H) 1 

(State total receipts, from line 1, Schedule H, $ ) 

10. Income (or loss) from partnerships; fiduciary income; and other income. (From Schedule i). 

11. Total income in items 1 to 10 — - 1$. 

DEDUCTIONS { 

12. Contributions paid. (EipUm m Schedule C) - 3 

13. Interest. (EipUin in Schedule C) 

14. Taxes. (Eiljlain in Schedule C) 

15. Losses from fire, storm, shipwreck, or other casualty, or theft. (Eip!»in in Schedule c) 

16. Had debts. (EipUin m Schedule C) - 

17. Other deductions authorized by law, (Fjtplain in Schedule C) , 

18. Total deductions in Items 12 to 17. _ ^ 

19. Net income (item 11 minus item 13).- $.. 


COMPUTATION OF TAX 


20. Net income (item 19 above) 

21. ' Less: Personal exemption. | 

(From Schedule 1^“))^ 

22. Credit for dependents. I 

(From Schedule D-2)^ 


23. Balance (surtax net income).., 

24. Less; Item .5 (a) above j$.. 

25. Earned income credit. 1 

(From Schedule ii- 1 orE-2).| 


27. Normal tax (6% of item 26) t $ 

28. Surtax on item 23. (See instruction 28) | — 

29. Total (item 27 plus item 28) |_$ 

30. T Otal tax (Item 29 or line 16, Schedule F) 1 $. 


31. Less; Income tax paid at 


Income las paid to .i foreign I 
country or L(S. possession. [ 
(Attach Form I I 16) ■ . 


26. Balance subject to normal tax ...[$ ...| jj 33. Balance of tax (Item 30 minus items 31 and 32)...|$ | 

l/wc declare, under the penalties of perjury, that this return (including any accompanying schedules and statements) has been examined by me/us, 
..nd to the beat of my/our knowledge and belief is a true, correct, and complete return, made in good faith, for the taxable year stated, pursuant to the 
Internal Revenue Code and the regulations issued under authority thereof. 


(Signs tore of persen (other th.in taxpayer or agont) preparing return) (Date) (Signsture of taxpayer) (Date) 


(t'lame ot hrra or employer, if any) 


(If this is a Joint return (not made by agent), it must be signed by bolb husband and wife) 
AteWrn made bj »n agent must be accompanied by power ol attorney. (See Inxtruclion F) 











Page 2 


Schedule A.— INTEREST ON GOVERNMENT OBLIGATIO NS, ETC. (See Instruction 5) 

4. Amount of 

Z Amount owned il end of year including piincipal. 

your proportionate share of such obliga- 3. Interest received or intaeit on 
1. Obligations or securiUea ty ,statts. tiusls. partner- aeciMcd during the year which IS 

ships, or common trust funds exempt from 


(<j) Obligations of a State. Territory, or political subdivision there- 
ol. or the District of Columbia, or United States possessions,. 

(4) Obligations issued prior to March 1, 1941, under Federal Farm 

Loan Act, or under such Act as amended 

(c) Obligations of United States issued on or before September 1, 

1917 — - - - 

(d) Treasury Notes issued prior to December 1, 1940, Treasury 

Bills and Treasury Certificates of Indebtedness issued prior 
to March I, 1941 


to March I, 1941 _ 

(f) Obligations of instrumentalities of the United States (other 


• to March 1. 1941 

(f) Dividends on share accounts in Federal savings and loan , 

associations in case of shares issued prior to March 28, 1942 — ( x.xxxxx-xxx 


3, Interest received or 

1 accrvtcd during the year 

‘ 

— 










4. Amount of 
piincipal, 
inUreat on 
wbicS ia 
exempt from 
taxation 


S. Interest on amount in 
excess of exemption, 
and dividends sul>> 
ject to surtax only 



xxxx xxlxititxxxxx\x%l X X X 


Total (enter as item 5 (o). page 1), 


(/) Treasury Motes issued on or after December 1. 1940, and obligations issued on or after March 1. 1941. by the 

United States or any agency or instrumentality thereof (enter amount of interest as item j (4). page 1),. $ 


. , , Interest received or accrued 

Amount owned at end f.ubject 

to normal tax and lurtax) 


-l- 


1. Kind of property 

1 

Z. AtTVOUTIw 

3. Depreciation or deple,. 1 R.rpMT» 

1 tion (attach schedule) (expUin below) 

5. Olhcr expenses 1 

(itemize below) | 

1 6. Ket pioiii, (column 2 minus 

sum of columns 3, 4. and 5) 

[ (enter as item 6. page 1) 


‘ [-•■! 

i, . .'u : L... 

1$ J 

1 

1 % 



1 1 ' 



Explanalion of deductions claimed in columns 4 and 5, 


Schedule C.— EXPLANATION OF DEDUCTIONS CLAIMED IN ITEMS 12, 13. 14. 15, 16. ANDJ7_ 


2. Explanation 


L Item No» 
(Continued) 


2. Expixn&tton (Continued) 


3. Amount 

(Continued) 


Schedule D,— EXPLA NATION OF CREDITS CLAIMED IN ITEMS 2l AND 22. (See Instructi ons^l_and^2)^ 

I (2) Credit for Pepeodenta 

Number of 1 | Number of months I 

months I I 1 dmmglVicy«r \ 

txt during the 

year in ench 
status 


Credit claioned 


of dependent and relationship 


Under 1 6 years 
year# old or over 


Credit cluttned 


Single, or marricc and not living with husband 

or wife, and not head of family $ 

Married and living v/ith husband or wife 

Head of family (explain below) 



Reason for support if 1 8 years 
or over 


Schedule E.— COMPUTATION OF EARNED INCOME CREDIT. (See Instj;u^t}^^)^ 


tl) If you*" net income is $3,000 or less, use only tixis part 
of schedule 


(2) If your net income is more than $3,000, use only this part 
of schedule 


Net income (item 19, page 1) 

Earned income credit (10% of net income. 


$ 






Net income (item 19. page I). 


of net income, above, whichever amount is smaller, 
but do not enter less than $300) 


1. Did you file a return for any prior year? If so. what was 4. Was the rate of your salary or wages increased or decreased after October 

- u i- It . • m •, 4.1 3, 1942, and before the end of your taxable year? 

the latest vear? 1 o which Collector s ofnee was it .-sent? ( i cs or no) 

! 5. Did you receive during your taxable year any amount claimed to be non- 
---- - taxable other than interest reported in Schedule A (see Iiistructicr 

2. If separate return was made for the current year, state: attach schedule showing source, nature, and 

(a) Name of husband or wife amount of such income. 

«) Pc„on.l c^npttan. if »ny. cUim=d 6. Did yo„ .. time during your yo„ own dimoU. nr indir^tl, 

aTiv stock of a foreign corporation or a personal holding company as dc- 
(c) Collector’s office to which it was sent fined !,v icetion 501 of the Internal Revenue Code? If *o, 



Schedule F.~GAINS AND LOSS! 


1. Kind of property (if j 

necessary, attach state- 
mer t of descriptive 

^2. Date acquired 


1 

! 

Cross sales | 
price (contract 
price) 

: I t 

i 

1 5. Castor 1 : 

de^t4iU btlov) 

Afo. Day yeor | 

1 Alo, Day Year 1 

1 other basis j 



Fage 3 

FROM SALES OR EXCHANGES OF CAPIT^ ASSETS. (See Instruction 8) 


6. Expense of sale 7. Deprc.imiF 
an<l cost of ailowc<l (or aiiOw<» 8. Gain or loss (column 

provements sub- able) since acquu 4 plus column / minus 
\equcntto acqui- sition or March f« the sum of columns 3 
»(tion or March 1« 1913 (explain in anJ 6) 

\m Schedule J) 


SHORT-TERM CAPITAL GAINS AND LOSSES— ASSETS HELD NOT MORE THAN 6 MONTHS 


Cain or loss to be taken 
into account 


$ $ [ $ 100 $. 

, ) L- 100 


Total net short-term capital gain or loss (enter in line I, column 3, of summary below) 


LONG-TERM CAPITAL GAINS AND LOSSES— ASSETS HELD FOR MORE THAN 6 MONTHS 






1 

$ 

1 

$ 

$ 

1 

1 

$ 

.. J $ 


I 50 

50 












50 

1 









1 

f' ' 

t 50 


Total net long-term capital gain or loss (enter in line 2, column 3. of summary below) j $. 

SUMMARY OF CAPITAL GAINS AND LOSSES 



1. Classification 

2« Net short-term capital 
loss ol preceding taxable 
year (not in cxceAS of net 
income /or such year), but 

3, Net gain or loss to be taken into 
account Irom column 10, above j 

4- Net gain or loss to be taken into 
account from partntrsbips and common 
trust funds 

5, Total net gain or loss taken 

1 Into account in columns 2» 3. and 4 of 
this tummary 

1 


only to extent of net short-' 

1 term capital gain of current 
year 

1 

(u) Cain 

(3) Loss 

1 

(a} Gait\- 

1 (ft) Loss 

(a) Cain 

(i) Lo*. 

1. Total net short-lerm capital 
gain ot losi — 

1 

$ 

$ 

$ j-.. 

$ [— 

$ 

$ 

! 

$ 


2. Total net long-term capital gain or loss 

$ 

$ U-I 

* L.J 

1 

$ t 

1 $ 


$ 


3. Net gain In column 5. lines 1 and 2. (Enter as item 8 (a), page 1)„ 

1 

1$ ‘ 



I X X X X X 

X X 

4. Net loss in column 5. lines 1 and 2. (The amount to be entered as item 8 (a), page 1. is (1) this 
income, computed without regard to capital gains or losses, or (3) $1,000, whichever is smallest) 

item or (2) net 

\ X X I 1 X 

xxi 

$ 



COMPUTATION OF ALTERNATIVE TAX 

Use only if you had an excess of net long-term capital gain over net short-term capital loss, and item 23, page 1, exceeds $18,000 


1. Net income (item 19, page I) $_ 

2. Excess of net long-term capita! gain over net short-term 

capital loss ^line 2. column 5 (o), minus line I, col- 
umn 5(t), of summary above) 

3. Ordinary net income (line 1 minus line 2) $. 

4. Less: Personal exemption. (FTomSched-j 

ule D-1) $ 

3. Credit for dependents. (From 

'ichcdule D-2) I 


6. Balance (surtax net income) 


$ 


10. Normal tax (6 % of lint 9) $ 

11. Surtax on line 6. (See Instruction 28) 

12. Partial tax (line 10 plus line II) j $ 

13. 50% of line 2 1 

14. Alternative tax (line 12 plus line 13) 1 $ 

15. Total normal tax and surtax (item 29. page 1) j $ 



7. Less: Item. 5 (a), page $ ,c -r i i j /•. ao t\ U 

8. Earned income credit. (From 15. Total normal tax and surtax (item 29. page 1) ! * 

...chedule E i or E 2) -~~'j 18. Tax liability (line 14 or line 15, whichever is the lesser), j j 

9. Balance subject to norm al tax $ — -^.-1 (Enter as item 30. page I) j $ [ 

Schedule G.— GAINS AND LOSSES FROM SALES OR EXCHANGES OF PROPERTY OTHER THAN CAPITAL ASSETS 

(Sec Instruction 8) 

5. Expense of »ai« and cost 6. Depreciation allowed (ot ^ Cain or loss tcolomn 3 
t V J ( .. -> r^ . , -.-J Cross soles price 4. Cost or olKcr of improvements subsc- allowable) since acquisition 

1, Kind of property 2. Dale acquired (contract price) baais quent lo acquisition or or Marcb 1. I'll) „ 'f I " ^ 

March I.I!)I3 (explain in Schedule J) »uni of columna 4 and 5) 


(contract pnee) 


Total ret gain (or loss) (enter as item 8 (6), page 1) . 


Stale the /omifj;, yidticiory, or hwinesi Tehtionshifj to i/ow. if any, oj purchaser of any of the items orj this page . 
If any of such items isere acquired hy you other than by purchase, explain fully how acquired 


10 — 24240-1 
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I 


Schedule H.— PROFIT (OR LOSS) FROM BUSINESS OR PROFESSION. (See Instruction 


(Stati; (I) nature of business : (2) number of places of business ; (3) business name 

and address if different from name and address on page 1 ) 

I. Total receipts. 1 


COST OF GOODS SOLD 

(,To be us^d ait income- 

determining factor} 

2. Inventory at beginning of year 

3. Mercbandisc bought for sale 

4. Labor 

5. Mitetiai and supplies 

6. Other costs (itemize below) 

7. Total of lines 2 to 6 

8. Less inventory at end of year 

9. Net cost of goods sold (line 7 minus line 8). 

10, Cross profit (line 1 minus line 9).. 




OTHER BUSINESS DEDUCTIONS 

1 1. Salaries and wages not included as "Labor” (do not deduct com- 

pensation for yourself) 

12. Interest on business indebtedness 

13. Taxes on business and business property 

14. Losses (explain below) 

15. Bad debts arising from sales or services 

16. Depreciation, obsolescence, and depletion (explain in Schedule J)..| 

17. Rent, repairs, and other expenses (itemize below or on separate 

sheet) 

18. Arnortization of emergency facilities (attach Statement)...... * 

19. Total of lines 1 1 to 18 

20. Total of lines 9 and 19 

21. jNet profit (or loss) (line i minus line 20) (enter as item 9, page I) 




U the production, manufacture, purchase, or sale of merchandise is an income-producing factor, inventories are required. Enter "C,” or "C or M," on lines 
2 and 8 to indicate whether inventories arc valued at cost, or cost or market, whichever is lower. 

Explanation of deductions claimed in lines 6, 14, and 17 




Did you at any time after October 3, 1942, and before the end of your taxable year have in your employ more than eight individuals? 

(Yes or No) 

If answer is ''Yes,” have you in this return taken a deduction for any amount of wages or salaries representing an increase or decrease in. rate after 

October 3, 1942? If answer to second question is “Yes,” attach a statement explaining all such increases or decreases. If any of 

(V'es or No) 

such increases or decreases required the prior approval of the National War Labor Board or the Commissioner of Internal Revenue as staled in Instruction 
9, attach also a copy of the authorization for each of such increases or decreases. 


TTI 
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Schedule L— INCOME FROM PARTNERSHIPS, FIDUCIARIES,' AND OTHER SOURCES 


mC0>lE <yp LOSS) from PARTKERSKIPS, syndicates, etc. (SEE INSTRUCTUIN 18 (»)) (FORNtSH NXMES AND ADDRESSES) ' 

.1; 


1 

1 

1 

1 $ 









INCOME FROM FIDUCIARIES (FURNISH NAMES AND ADDRESSES) 

$ 



! 

1 







INCOME FROM OTHER SOURCES (STATE .NATURE) 


1 


1 

1 

1 


$ .j 










Total amounts in Schedule I. (Enter as item 10. page I) i S. 


Schedule J.— EXPLANATION OF DEDUCTION FOR DEPRECIATION CLAIMED IN SCHEDULES F, G, AND H 


). Ivind of property i 

(If buildingii. itatc ipatcrial of which 
constructed) 

2. Date 

a,cc|wTtti ' 

3. Cost or other hiiiais 
(Do not include bnd 
or other noiulcprc- 
ciaLlc property) 

^ 4. Assets fully depre- 
1 cia^ed in use at end 

1 of year ^ 

5. Depreciation al- 
lowed (or allowable) 
in prior years j 

6. Remaining cost orl 
other basis to be 
recovered 

7 . Estimated 

life tiaed in 
nccumulal- 
ing df pre- 
eiation 

8, Estimated 

rtmainhig 
life from 
beginning 1 
of year 

9, Depreciation 
allowable this 

j 



$ 


! s 1 ' 

1 .n . 1 

1 

1 $ 




.L 

1 

! 



I 1 
I i 

' 1 

j * ■■■“1 


1 









1 


1 

1 1 




1 1 








1 

1 

1 



i 1 
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INSTRUCTIONS ON THIS^GE NEED BE CONSIDERED QNLY^ ENTRIES ARE MADE 

IN 8, 9, AND 10, PAGE 1 OF RET^^ 


8. OAINS AND LOSSES FROM SALES OR i 
EXCHANGES OF CAPITAL ASSETS AND OTHER I 
PROPERTY. — Report details in Schediile-s F and G. I 

“Capital assets” defined.^ — The term '‘capital assets” ineans 
property held by the taxpayer (whether or not connected with 
his trade or business), but not stock in trade or other property 
of a kind which would properly bo included in his inventory 
if on hand iit the close of the taxable year, or property held by 
the taxpayer primarily for s.ale to customers in the ordinary 
course of his trade or bvisines?, or property used in the trade or 
business of a character which is subject to the allovvanoo for 
depreciation provided in section 23 (1), or an oblij^ation of the 
United States or any of its possessions, or of a State or Terri- 
tory, or any political subdivision thereof, or of the District oT 
Colunilna, issued on or after March L U)‘il, on a <lisconnt basis 
and i>a.yable without interest at a fixed maturity date not 
exceeding one year from the date of issue, or real property 
v^sed in the t rade or business of the taxpayer. 

Section 1G5 (b) provides that if an employee receives the 
total distribution that he is entitled to under an eiiiployeos’ 
tni.st plan that meets the requirements of section 163 (a) in 
one taxable year on account of iiis separation from service, 
the amount of .such distribution to the extent exceeding the 
anioiuiUs contributed by the emplo.voe shall lie considered a 
gain from the sale or exchange of a capital asset held for more 
than 6 montlis. 

A capital gain dividend, as defined in .section 362 (relating 
to tax on regulated invo.stmcnt companies) shall be treated 
by the shareholder as gains from the sale or exchange of capital 
asset« held for more than 6 months. 

For special treatment of gains and losses from involuntary 
conversion, and from sale or exchange of certain property used 
in the trade or busines.s, see section 117 (j). 

Description of property. — State following facts: (a) For 
real estate, location and description of land and improvements; 
(h) for bonds or other evidence.s of indebtedness, name of 
issuing corporation, particular issue, denomination and amount; 
and (c) for stocks, name of corporation, clas.s of .stock, number 
of shares, and capital changes affecting ba.sis (including non- 
taxablc distributions). 

Basis. -In determining G.\IN in case of property acquired 
before March 1, 1913, use the co.st or the fair market value as 
of March 1, 1913, adjusted a.s provided in .section 113 (b). 
whichevei: is greater, but in determining LOSS n.sc cost .so 
.adjusted. If the property was acquired after February 28, 
1913, use cost, except a.s oiherwi.se provided in section 113. 

Lo.sse> on securities becoming worthless. — If (1) shares of 
stock become worthless during the year or (2) corporate securi- 
ties with interest coupons or in regi.stercd form become worth- 
less during the year, and are capital assets, the loss therefrom 
shall be considered as from ^the sale or exchange of capital 
assets as of the last day- of such taxable year. ' 

Classification of enpUa) gain.s and losses. — The phrase 
“short-terjn” applies to gain.s and lo.sses from the sale or 
exchange of capital .assets held for 6 month-s or les.s; the plirase 
“long-term” to capital assets held for more than 0 months. 

LIMITATION ON CAPITAL LOSSES.— Losses from sales 
or exchanges of capital assets shall be allowed only to the 
extent of the gains from such .sales or exch;tngc.s, plu.s the net 
income (computed without regard to capit.al gains and lo.sscs) 
or $1,000, whichever is smaller. However, the amount of the 
net siiort-term capital^ loss of the last taxable year beginning 
in 1941 (computed without regard to amounts treated a.s 
.short-term capital losses from the preceding taxable year), 
which i.s not in excess of the net income for such .year, shall, 
to the extent of the net short-term capital gain for the succeed- 
ing taxable year, be a short-term capital loss of such succeeding 
taxable year. 

ALTERNATIVE TAX. — If the net long-term capital gain 
exceeds the net short-term capital loss, an alternative tax may 


b. ..uposed in Hen of the normal tax and surtax impo.^cd on net 
it I i. :ie. (See Computation of Alternative Tax, vSchedule F.) 

“Wash sales” lo-sses. — Lo.<.< from sale or other dtsposition 
of ."fucks or securities cannot bo deducted unless su.stained in 
conii. ctioii with the taxpayer's trade or business, if, within 30 
days iicforo or after the date of sale or other tlispo-sition, the 
taxp.-iver lias acquired (by purchase or by an exchange upon 
which the entire amount of gain or loss was recognized l)y law), 
or has entered into a contract or option to acquire, sub.stan- 
ti.ally identical stock or securities. 

Losses in Iran.sactions between certain persons. — No 
deduction is allowable for losses from sales or exchanges of 
property directly or indirectly between (a) members of a 
family, (6) a corpor.ation and an individu.al owning more than 
30 percent of its stock (liquidations excepted), (c) a grantor 
and fiduciary of any trust, or (d) a fiduciary and a beneficiary 
of the .same trust. 

9. BUSINESS OR PROFESSION.— Fill in Schedule IT. 
Farmers keeping no books of account, or books on cash ba.sis, 
inirst attach Form 1040F in lieu of Schedule H. -A taxjiayer 
electing to fnclucle in gro.-^s income amount.^ received during 
the year as loans from tlie Commodity Credit Corporation 
shoiild file with his return a .statement showing the details of 
such loans. (See section 123.) 

If installment method is used, att.ach .schedule showing 
.separately for yeans 1939, 1940, 1941, and 1942; (a) Gross saic.s; 
(3) cost of goods sold; (c) gross profits; (d) percentage of profits 
to gro.ss salc.s; (e) amount collected; and (/) gross profit on 
amount collected. 

Bad debts may be deducted either (1) when they’ become 
wholly or partially worthless, or (2) by a reasonable addition 
to a re.servc. (No change of method without perniission of 
Commissioner.) 

Except as stated below, if any increase or decrease in salary 
or wages is made after (Tetober 3, 1942, without the prior ap- 
proval of the Njitionai War Iiabor Board or the Commissioner 
of Internal Revenue, no amount of such salary or wage.s paid or 
accrued in contravention of the .Act of October 2, 1942, entitled 
“An .Vet to amend the Emergency Price Control Act of 1942, 
to aid in preventing iutlation, and for other purpose.s,” or regu- 
lations, rulings, or orders promulgated thereunder, i.s allowable 
as a deduction. Any' iucrea.se, however, may be made with- 
out the prior apiiroval of the National War Labor Board or 
the Cv>mmissioner of Internal Revenue if it is made in accord- 
ance with the terms of an established wage or salary agreement 
or established wage or salary rate sebedrtlc covering the work 
a.ssigniuents and it is made ius a re.sult of iudividu.al promotions 
or reeiassifi cations, individual merit increases within estab- 
lished rate ranges, operation of an established plan of wago or 
salary increases based upon Ici^gih of service, iiicreascd^pro- 
ductivity under piece-work or incentive plans, or operation 
of ail apprentice or trainee system. 

10 (a). INCOME FRO.M PARTNERSHIPS, FIDUCI- 
ARIES. ETC.. WHOSE TAX.4BLE YEAR ENDS WITHIN 
THE TAXABLE YEAR COVERED BY THIS RETURN.— 
Enter as item 10 your share of profits (whether received or 
not) or lo-Sses of a partnership (including a syndicate, pool, 
etc., not taxable as a corporation) except capital gains and 
losses, which enter in Schedule F, Enter as item 10 income 
from au estate or trust. Enter in Schedule A vour share of 
interest on obligations of the United States and instrumental- 
ities, issued prior to March 1, 1941, owned by partnership, 
estate, or trust. Include in item 12, and explain in Schedule 
G, your share of any contribution or gift, payment of which 
was made by the partuenship within its taxable year. Enter 
in items 31 and 32, respectively, your share of credits .‘'or 
Fcdcriil income tax paid .at .source and foreign inO'-'Uiu ta.'rer. 

10 (b). OTHER INCOAIE. — Enter aiiy other taxable 
income, including earnings of minor children ft parent is legally 
entitled thereto and alimony and separate maintenance income. 


a' 


r 



r 
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(•:) The special fund for voeaf fonnl rehnfinitntion nathf>ri7ed by section 
12 of the World IVar Voterans’ Acl, 3924: 

(li) Posts or organizations of war veterans, or awsiiiary units or societies 
of any such posts or orgaiiiraiious, if siicii posts, orKauizntious, units, or 
societies are orpaniied ia the United States or any of its possessions, a,td if 
no part of tlf'ir net carninirs inures to the tseaetU of any private shareholder 
or individual: or 

(r) A do’uestlc (ralcrnal society, order, or assoeiation, operatinct under 
the lodge systetn, but only if sueli cent ribnt ions or gifts are to be used exclu- 
sively for religious, charitable, scientific, literary, or educational purposes, 
or for the prevention of cruelty to cliildrcu or animals. 

13. IXTEREST. — Enter interest on personal indebtedness 
as distinguished from bu.sincss indebtedness (whieh should be 
entered in Schedules B and H). Do not include interest on 
indf'btcdness incurred or continued to purchase or carry obli- 
g.ations (other than obligations of the United States issued^ 
afte:;- September 24, 1917, and originally subscribed for by the' 
taxpax’cr) tlie I'ntcrcst upon which is wholly exempt from 
taxation. Include tenant-stockholder’s proportion of interest 
paid or incurred by a cooperative apartment corporation on its 
outs- anding indebtedness contracted in theacquisition, construc- 
tion, alteration, rehabilitation, or maintenance of a cooperative 
apartment building or in the acqui.sitipn of the land on which 
tlie building is located. (Sec section 23 (z).) For limitations on 
deductions for unpaid expenses and interest, see section 24 (c). 
Do !K)t deduct .amounts paid or accrued on ind<‘btcdne.s.s 
incurred or cofJtinued to purctuu«c a single prerniura life jn.sur- 
ance or er dowment contract. A contract shall be con.sidcred 
a single premium life insurance or endowment cofitract, if 
subst aiitiaily all the premiums on .sucii contract arc paifl 
within, a period of 4 years from the date on wliich the contract 
is purciiased. 

14. TAXES. — Enter taxo.s paid or accrued during the tax- 
able xcar except taxes entered in Sclicdules 11 and H and taxes 
not deductible. The taxe.s impo.scd by tliC United States 
Government on tho folloxving itcin.s maybe deducted: Ad- 
ini.ssions, club dues, tek'i>htnic and telegraph services, safe 
dejiosit l^oycs, transportation of persons and proj)crlv, use of 
motor vcljiclc 03’ boat, .and documents. Stale Jind local retail 
sales taxes may be deducted to the extent that they arc .scpfi- 
rat cly stated and pjiid by the purch.asfT, Do not include taxes 
asses^i'd againsl local benefits. Federal income taxes or estate, 
iuheriUvnce, legacy, succession, gift taxes, ta.ve.s imposed on 
your interest as &l\archol(.lor of a corporation which are paid by 
the corporation withovit r>-imbursc’nicnt from you, nor incoiTie 
taxes ciaijiiod ,as a credit hi item 32. b’cclenil sociid security 
and (unployment taxc.s paid by or for an employee are not de- 
ductible by the employee. Include tenant-shareholder’s pro- 
portion of real estate ta.xe.s on a cooperative apartment 
building and the lafid on which it is situated, allowable as a 
deduction under .section 23 (c), paid or incurred by the co- 
operative apartment corporation. (Sec section 23 (z).) 

15. LOSSES. — Enter property lo.ssea (not claimed in 
Schedule H), from lire, storm, shipwreck, or other casualty, 
or from theft, not coihpcnsatod for by insurance or otherwise, 
lucludo also losses (not claimed in Schedule H) from property 
de.st'ro vf d or .seized in the course of militfiry or nav’al operations 
during tile war, and of property located ill enemy countries or 
ill jireas wliich come under the control of tho enemy. Sec 
section 127 for rules as to.treatment of losses from tvar, taxation 
of property rreovered, and ba.'^ts of property. Explain in 
Schedule 0, giving do.scription of property, date acquired, co.st, 
subsequent improvements, depreciation allowalilc, insurance, 
salvage s'aluc., and deductibc loss. 

16. BAD DEBTS. — Enter bad dobt.g other than those 
clat!ucd in Schedule H. Show in Schedule O; (n) of what the 
debts consisted; (h) name and family relatioiusiiip, if any, of 
debtor; (c) when created; (d) tvhen due; (r) eiforts made to 
collect; and (/) liow determined to be worth Ics.s, Enter in 
Schedule F lo.sscs from corporate securities with interest cou- 
pons or in regi.-^tered form which become xvorthlcss during the 
year, and which arc c.apital os.sets. 

17. OTHER DEDUCTIONS. — Enter other authorized 
deductions, including net opi'rating loss deduction allowed by 
section 23 (s). Every taxpayer claiming a deduction due to a 
net oper.iting loss for the preceding ta.xablc year'or years shall 
file with his return the statement required by section 19.122-1 
of the regulations. Include alimony and separate maintenance 
payments to the extent permitted by section 23 (u). Includ-- 
non-trade or non-busiucss expenses incurred either (1) for t. • 
production or collection of taxable inco3Tie or (2) for the ma' - 
agomcnl, conservatioii, or uuutueuanco of property held for 
the production of taxable incomo. ('ixpensos paifl, not compen- 
satoti for by in.sui’anco or other wUe, for tiio diagnosis, cure, 
mitigation, treatment, or j)r(‘%’ciition of disease, or for the 
jnirposo of atfecting any .structure or function of the body 
(Including amounts psiid for accident or hoaltfi insurance) of 
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deductible. The deduction is limited to such expenses as 
exceed o percent of tlie net income computed without the 
benefit of the deduction for expen.ses paid for such medical 
care. Where the husband and wife file a joint return the,, 
limitation is 5 percent of the aggregate net income of such 
husband and wife. Tho maximum deduction in the ca.se of a 
husband and v,’ifo who file a joint return or a head of a family 
may not exceed $2,500, and in the case of all other individuals, • 
$1,250. 

Do not deduct losses in transactions not connected with 
your trade or business or not entered into for profit. Losses 
from wagering lran.sactions are allowable to the extent of. gains ’ ' 
therefrom. 

21. 22. CREDIT FOR PERSONAL EXEMPTION AND 
DEPENDENTS, — A single person, or a married person not 
living with spouse, is allowed a personal exemption of $500. 

A person who, during tlic entire ta.x.able jwiar, was the head of 
a fan\ily or wa.s married and living with spou.se, is allowed an 
exemption of $1,200, On separate returms (Form 1040), the 
personal cxcmptiori may be taken by eitlier husband or wife 
or divided between tl^em in any proportion. 

A "head of a family” is one who supports in one household 
one or more dcjKn^deut individuals closely connected witli him 
by blood rclatioiuship, relationship by marriage, or by adoption, 
and who.^ie right to exorcise family control is based upon some 
moral or legal obligation. 

A credit of $350 i.s allowed for each person (other than 
husband <or W’ife) under IS years of age, or incapable of solf- 
supporb becau.se mentally’ or phy-sienUy dcfcc(,ive, whose chief 
supimrb was received from the t.a.vpaycr. If taxpayer is head 
of a family only because of dependents for whom he wo\dd be 
entitled to credit ui3der j)rccoding .sentence. $350 cmdifc is 
allowed for each of such dependent.s except one. 

If taxpayer’s status, with respect to pcrsoJial exemption and 
credit for dependents, changed during tlic taxalile year, such 
exemption and credit shall be apportioned aceoi'ding to the 
nuini)or of month.s before and after such change. A fractional 
part of a month is di.srcgardcd unless it exceeds half a month, 
when it shall be considered a month. 

25. EARNED INCO.AIE CREDIT.—" F timed income” 
mc.ans wage-s, ,salarie.s, profe.ssional fees, and other amounts 
received a.s compensation for personal services actually ren- 
dered. Where a ta.xfiayer is engaged in a trade or business in 
which both personal .services jind capital arc material income- 
producing factoi’S, a reasonable allowance as compensation for 
tho personal services actually rendered by the ta.xpayor, not 
in excess of 20 percent of his share of the net profits of such 
trade or busiiies.s, shall be considered a.s earned income. 
"Earned net income” moans' the excess of the amount of the 
earned income over tiic sum of the "earned income deduc- 
tions,” which arc the ordinary and necessary expenses properly 
chargeable against earned income. 

28. SURT.AX. — 'I'he following table shows the surta.x due 
for the ta.xablc year upon certain specified amounts of snrta.t 
net income. 

SURTAX TABLE 

Iffhe svrlnx vet t-jicomf i.e The sUT(‘tx shoU he: 

Not. ovLT .$2,000 laf;. of the .surtax not incotue. 

Over .$2,nu0 hut not over $4,000 $2G0, jUus 16% of excess over $2,000. 

Ovvr $},0W hut not over $ 0,000 S-SSO. niu.s SO'Z. of e-xenss ovi;r $4,000. 

Over .$0,000 but not over $S,000 JOSO, plus 24% of excess over $0,000. 

Over $S,0U0 but not over $K),00U_.,.,,. $1,460, plus ‘28% of cxcoss over $S.0f)0. 

Ovvf $10,0130 hut not over $12,000 $’2,02i), phis 320;, of t’xccs,s over $10,000. 

Over $12,000 Init not over l,o00 $2,060, plus 36% of cxce.ss over $12,000. 

Over $1-1 , 000 hut not over $p',,noo $3,3.S0, iilus 406;, of cxcc.ss over $14,000. 

Over $U),000 hut not over I'oo $4, l.sO. plus 43% of c-xccss over $16,000. 

Over $JS,0OU hut net nvet $20,000 $5,040, plu.s 46% of o.xecss over .?IS,000, 

Over .$20,000 hut not over .$ 22.000 $.5,960, plus 49%, of excess over .$20,000, 

Over $22,0440 Ilut not over $2S,000 $6,0(0, plus 52% of excess over $22,000. 

Over $ 26,000 [lUt not over $;V2.(4t4!4 $9,020. frltis .55% 0 / e.xcc.ss over $26,000, 

Over $.'(2,000 but not over .$:48.0(i0 $12,320, i>hw 5S%, of e.xcc.ss over $32,(400. 

Over $;ss,0i40 hut not over .$! (.OlX) $I5.SOO. plus 61% of excess over $:«.(400. 

Over $44,000 but not over $54>,C4(4() $1!).460, plus 63% of excc.ss over $44,000. 

Over .$.50,000 but not over $6(4.000 $23,2(0. plus m^n of n.xcc.ss over $50,000. 

Over $(5(5,000 hut not over $70,000 $29,840, {>lu-S of excess over ^'0,000. 

Over $70,000 hut not over $30,0(40 * $36,740, ('Ins 72% of cxc(4.s.s over $70,000. 

Over .$80,000 but not over $u0,(500 $.4;4.9.(0. plus 75% of excess over $so,000. 

Over $140,0(414 hut not over $100,000 $.51.44(4, l>lus 7T% 0 / c.xeess over $'J«,000. 

Over SlOO'.O'X) l)Ut not over $!r>0,(400 $79.1'i0, plus 79% of excess over $100,000. 

Over $1.50.000 but not over $200,0(40 $98,640, plus 81% of excass over Sl50,000. 

Over $200,00(4 $139,140, plus ST’/o of excess over $200,000. 

31. INCOME TAX PAID AT SOURCE.— Enter 2 percent 
of interest on bond.s on which Federal income tax was paid by 
debtor corporation. 

32. FOREIGN .TAX CREDIT.— If credit is^ claimed for 
t.axe.s paid to a foreign country or pewsession of United Slater, 
submit Form UIG and receipts for such payments. If credit 
is claimed 'or taxes accrued, attach to Form 111(1 certified 


$250 in the case of a single person and in the case of a 
married person or head of a family. The determination of the 
taxpayer's status in the armed forces and his family status 
shall be made as of the end of the taxable yean Such personnel 
includes persons in the Marino Corps; the Coast Guard; the 
Army Nurse Corps, Pcmalc; the Women's Army Auxiliary 
Corp's; the Navy Nurse Corps, Female; and the Women’s 
iteserve Pranch of the Naval Itcservc; but docs not inclmlc 
personnel in the inactive rescr%'e or on retirement or rnenibcrs of 
the \rmy Specialist Corps. The amounts contributed iiy the 
Goveruincn-. to the servicemen's "monthly family a,llowance 
are in the nature of gifts and need not be included in income. 

r. DEPRECIATION,' DEPLETION, AND AMORTIZA- 
TION OF EMERGENCY FACILITIES-— A reasonable 
allowance for exhaustion, wear and tear (including a reasonable 
allowance for obsolescence) (1) of property used in trade or 
business or (2) property held for the production of income, may 
be deducted, based on cost if acquired by purchase after 
February 28, 1913. If acquired before March 1, 1913, or 
otherwise than by purchase, see section 114. 

For depletion deduction, see sections 23 (m) and 114. 

Individual.s, provided an election is uiade as prescribed in 
section 124 (b), are entitled to a deduction with respect to the 
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amortisation of the adju^JP basis (for determining gain) of 
an eiiUTgcncv facility (as defined in section 124 (e)), based on 
a {icriod of sixtv months, A statement of tiie pertinent facts 
s! ,.. r ' be filed with the t.axpayer’s return. 

,.\ FORMATION AT SOURCE. — Every per-son mak-ing 
t,u • au> of (1) interest, rents, commissions, or other ti.xed or 
deteruiinable income of $500 or more during calendar year 1942 
to an individual, partnership, or fiduciary, or (2) salary or 
>vages of $500 or more to a single person or 81,200 or more to a 
married pcrfciou sliali make Si return on I*orjns 1096 and 1099, 
K, STOCK OWNED IN FOREIGN CORPORATIONS 
AND PERSONAL HOLDING COMPANIES. — If at any 
time during the year you owned directly oi indirectly stock of 
a foreign corporation, or a persona! holding company (section 
501;, attach a statement showing name and address of each 
such company and total number of shares of each class of 
outstanding stock owned. If at any time during the year you 
owned stock in a foreign personal liolding company (section 
331), include in income a.s a dividend the amount required by 
section '337, and if you owned 5 percent or more in value of the 
outstanding stock of such company, attach a statement giving 
'in detail the information required by scctiou 337(d). 


SPECIFIC INSTRUCTIONS 

(Numbered to correspond with item numbers on page 1 of return) 


1. SALARIES, ETC. — Include coinpcusatiou received as an 
officer or employee of a St.ate or political subdivision or any 
agency or in.strumcntality thereof. (Sec General Instruction 
H 3(h)" for exclusion allowance for military and naval personnel.) 


1942; dividends on shares issued before that date should be 
entered in Scliedule A. 

3. and 4. INTEREST ON CORPORATION BONDS, ETC.— 
Enter in item 4 interest on bonds, debentures, notes, or certifi- 
cates or other evidences of indeV>tcdne.ss, issued bv any corpora- 
tion with interest coupons or in registered form. _ Do not include 
interest ,on any such obligation which constitutes stock in 
trade of the taxpayer or any such obligation of a kind which 
would properly be included in the inventory of the taxpayer if 
on hand at the close of the taxable year, or any such obligation 
held by the laxjiaycr primarily for sale to customers in the 
ordinary cour.^e of his trade or busine.ss. Such interest should 
be entered in item 3. (See Instruction 5 for deduction of 
amortization of bond premium.) 

5. INTEREST ON GOVERNMENT OBLIGATIONS. 
ETC. — Enter in Schedule -V the amount owned at the end of 
the year of the various obligations listed therein and the intere.st 
receivofl or accrued during the year. The total of column 5, 
line 00 > Schcdiile A (ainoimt subject to surtax only), should 
be entered as item 5 (a). Interest 'received or accrued'during 
the year and reported in line (i), Schedule A (amount subject 
to uonuH.1 tax and surUvx), should be entered as item 5 (b). 

Section 23 (v) provides for the deduction of amortizable 
imnd premium by the owner of the bond. The term "bond" 
moans ai y bond, debenture, note, or certificate or other evi- 
dence of .ndebVedness, issued by any corporation and bearing 
interest (including any like obligation issued by a government 
or political subdivision thereof), with interest coupons or in 
registered form, but docs not include any such obligation which 
constitutes stock in trade of the taxpayer or any such obligation 
of a kind which ^Youl<i properly bo included in the inventory 
of the taxpayer if on hand at the close of the taxable year, or 
any .such obligation held by the taxpayer primarily for sale to 
customers in the ordinary course ‘of his trade or business. The 
amount of the deduction, computed under section 125, should 
bo entered in the appropriate spaces in items 4 and 5, and 
deducted from the amount of interest received or accrued. 

Amortization of bond premium is mandatory with respect 
to fully tax-exempt bonds (the interest on which is not subject 
to income tax). In the case of fully taxable bonds (the interest 
on which is subject to the normal tax and the surtax) and 
partially tax-exempt bonds (the interest on which is subject 
only to, surtax), the amortization of bond premium is elective 
as to either one or as to both. Such election shall be made by 
the taxpayer by taking a deduction for the bond pretnium on 
his return for the first taxable year to which he desires the 
election to be applicable. Attach a statement showing the 
computation of the deduction. 

The election shall apply to all bonds with rc.spect to which 
it was made owned by the taxpayer at the beginning of the 
first taxable year to which the election applies and also to all 
bonds of such class (or classes) thereafter acquired by him, 


and shall be binding for all subsequent taxable years, unless 
u[)ou application by the taxpayer, the Commi-ssioner permits 
the taxpayer to revoke the election. 

In the ca.se of a fully tax-exempt bond, the amortizable 


ta.vablo bond, the amortizable premium is both au adjustiuent 
to the basis or adju.sted ba.'^is of the bond and also a deduction- 
In the case of a partially tax-exempt bond, the amortizable 
premium for the taxable year is used for three purposes; (1) as 
an adjustment to the basis or adjusted basis; (2) as a deduc- 
tion; and (3) as a reduction to the credit for tlie interest on 
the bonds. 

No 7 iinleresl-hcarinf} ohliQuHons issued al a discount, 'lax- 
paver on the cash biUis miiv elect, as to all noninterest-bearing ^ 
obligations issued at a di.scount and rodcomable for fixed 
amounts increasing at stated intervals (for cxtunpic, United 
States Savings liond^,), to include the increa.so in redemption 
price applicable to the current year. I' or the year of election 
the total increase in rodempiion price of such obUgations oc- 
curring between the thiie of acquisition and tlio end of the 
year must be included. Taxpayer so electing shall report such 
income as interest in Lto.tu 3, 4, or 5, page 1, whichever is ap- 
plicable, and attach staUiment listing obligatiou-s owned and 
compulation of accrued income. An election e.xcrcised in the 
current year or in a prior year is binding for all subsequent 

years. , . 

6. RENTS AND ROYALTIES. — Include rent, received m 

property or crops. Report crops received on crop-share ba.si3 
in year in which disposed of (unless return is made on accrual 
basis) . , 

7. ANNUITIES.— .^mounts received as an annuity under an 

annuity or endowment contract shall be included in gross 
income to the extent of 3 percent of the aggregate premiums 
or Gousidertitioii prikl for such annuity. If the of 

the amounts received and excluded from gross incoiue in this 
and prior years equals the aggregate premiums or consideration 
paid for such annuity, the entire amount thereafter received 
must bo inclvidcd in gross income. 

FOR INSTUV3CHONS &, 9. ASI> 10, SEK I’AGE i 

12. CONTRIBUTIONS P.AIO.— Enter (not to exceed 15 
percent of your net income computed without the benefit of 
this deduction, or of the deduction for extraordinary medical 
expenses deductible under section 23 (.x)) contributions or 
gifts, payment of which was made within the year to or for 
the use of — , „ , . . 

frt) \ corpor.'^tion, trust, Drcomnuioify chest, rune, cr foiinant ion, cre- 
ated or'orcaiii7.o<J iu the United vStates or in nny possestsion tliercof or uador 
the law ot the United States or of an.v State or Territory or of any possession 
of the United States, oriianUed and operated csflu.sively lor relicioas, chan- 
t.ablt', scientific, literary, or ediicational purposes, or for tho prevention of 
cfiwUy to cluWren or animals, no part of the net earninrs of which innre.s 
to the benefit of any private sliarcholdcr or individual, and no substantial 
pan of the activities of which is carrying on propaganda, or otherwise at- 
tempting, to influence legislation; ..... 

(ft) The United State.s, any State, Territory, or any political stibdt^vision 
thereof, or the PisUici of U.olvirabia, or any possession of the U nited States, 
for esclusivcly public purposes; 
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A. WHO MUST MAKE A RETURN. — ^Every citizen and 
resident of the United States having during the taxable year 
gross income (income derived from any source whatever, unless 
exempt from tax by law)- in an amount specified below, regard- 
less of the amount of net income, shall make a return if: 

(1) Single for entire year, or married and not living with 
huihand or wife for any part of the taxable year. If having a 
gross income of $500 or over. 

(2) Married and living with husband or wife for the entire 
taxable year. If each has income and their combined gross 
income is $1 ,200 or over, they must each make a return or file 
a joint return. If only one has income and his gross income is 
$1,200 or over, only that one h required to make a return. 

(3) Married and living with husband or wife for only part of 
the laxc'ble year. If each has income and their combined gross 
income is $1,200 or over, oi equal to, or in excess of, their total 
personal exemption (not including credit as head of a family 
or for dependents), they must each make a return or file a joint 
return, if only one has income and his gross income is $1,200 
or over,, or equa^to, or in excess of, his personal exemption (not 
includijig credit as head of a family or for dependents), only 
that one is required to make a return. (See Specific Instruction 
21 as to personal exemption.) 

Joint return. — May be filed by hu.sband and wife only if 
they are (1) both citizens or residents of the' United States 
and (2) living together at the end of the taxable year. A joint 
return is permissible even though one has no gross income. In 
a joint ‘return the aggregate income, deductions, and credits 
are Computed as though husband and wife were one person. 

Deceased individuals. — The return for the period to the date 
of death of a decedent is a return for a fractional part of a 
year, and the credit for personal exemption (as well as credit 
as head of a family and tor dependents) is reduced proportion- 
ately to the number of months in such period. The return is 
required on Form 1040, not Form 1040A, and is required if 
gross income to date of death is equal to, or in excess of, the 
credit for personal exemption as so reduced. Amounts (other 
than amounts includible by a partner under section 182 in com- 
puting net income) which would be includible in the net income 
of, or allowable as deductions and credits to, a decedent solely by 
reason of his death shall not be included in compiiting the 
decedent’s income for the taxable ])oriod in which falls the date 
of death. All amounts of gross income w'hich are not includible in 
the income of the decedent w’ill, when received, be includible in 
the income of the estate or person receiving such amounts by in- 
heritance or survivorship from tlie decedent under section 126. 

B. FORM OF RETURN. — Citizens and resident alien 
individuals use Form 1040, except that those whose gross 
income, computed on the cash basis for the calendar year, is 
not more than 83,000 and consists wholly of salary, wages, 
other cempensation for personal services, dividends, interest, 
or annuities may use optional Form 1040A. In the case of a 
husband and wife living together at any time during the year, 
separate returns may not be made on Form 1010 A unless cuch 
elects to use that form. Nonresident aliens use Form 104015 
or 1040NB. Fiduciaries for estates and trusts use Form 1041. 

C. FILING OF RETURNS AND PAYME.NT OF TAX.— 
File on or before 15th day of 3d month following close of tax- 
able year with collector for the di.strict in which tlio taxpayer 
has his legal residence oi principal place of business. If the 
ta-xpayer has no legal iicsidcncc oi place of business in United 
States, file with collcctoi at Baltimore, Md. The taxpayer’s 
home address must be given and a permanent busines.s address 
may be added. Pay in cash at collector’s office or bv check 
or money order payable to "Collector of Internal llevcnue.” 
Pay in full with return or in four equal installments, on or 
before the 15th day of the 3d, 6th, 9th, and 12th month from 
close of taxable year. 

D. TIME FOB PERFORMING CERTAIN ACTS 
POSTPONED BY REASON OF WAR.— Section 3804 (a) 
provides that any period of time after December 0, 1941, during 
which an individual is continuously outside the Americas for 
more than 90 day.s. and the ne.xt 90 days thereafter, shall be 
disregarded in making certain determinations under the in- 
ternal revenue iaw's with respect to performance of certain 
listed acts. These acts include, among otiicrs, filing returns 
and making payments of income tax (with certain exceptions), 


I claims for credit or refund of any tax, and assessing and 

I Cl.;' ■ ing any tax. 

lu the case of an individual who is a prisoner of w’ar or 
otherwise detained by an enemy country or by enemy forces 
or who is in the military or naval forces of the United States 
serving on sea duty or outside the continental United States, 
sections 13 and 14 of the Act approved March 7, 1942, specify 
as the due date for filing returns and making payments of 
income tax the fifteenth day of the third month following the 
month in which such status ceases or the present war is termi- 
nated, w’hichever is the earlier. 

E. PENALTIES. — Severe penalties are imposed for failing 
to file a required return, for late filing, and for filing a false or 
fraudulent return. 

F. DECLARATION. — The return shall contain or be verified 
by a written declaration that it is made under the penalties of 
perjury. The return may be made by an agent if the taxpayer 
is (1) too ill to make it or (2) absent from the United States for 
60 days before the due date. A power of attorney on Form 935 
or Form 936 (husband and wife) must accompany the return 
made by an agent. Person or persons actually preparing the 
return for the taxpayer must also sign the declaration. - 

G. RECEIVED OR ACCRUED INCOME.— If books are 
kept on accrual basis, report all income accrued, even though 
not received, and expenses incurred even though not paid. 
If books are not kept on accrual basis, or if no books are kept, 
report all income actually or constructively received, and all 
expenses paid. 

H. ITEMS EXEMPT FROM T.AX.— As to itenu? of income 
exempt from tax other than those listed below, see sections 22 
(b) and 116. 

(1) Interest on governmental obligations is exempt to the 

extent indicated in Schedule A. ' 

(2) Proceeds of insurance policies. — The proceeds of life 
insurance policies, i)aid by reason of the death of the insured, 
arc exempt. If any part of the proceeds is hold by the insurer 
under an agreement to pay interest, the interest is taxable. 
Amounts received under a life insurance or endowment policy, 
not payable by reason of the death of the insured, are not 
taxable until the aggregate of tlie amounts received exceeds 
the premiums or consideration paid for the policy. (See Specific 
Instruction 7 as to taxation of annuities.) 

(3) Miscellaneous Items wholly exempt from tax: 

(a) Gifts (not received as a consideration for service ren- 
dered) and money and property acquired by bequest, devise, or 
inheritance (but income therefrom is taxable); 

(5) K.xccpt in the case of amounts attributable to (and not 
in excess of) dc<liictions allowed under section 23 (x) in any 
prior taxable year, amounts received throtigh accident or health 
insurance or under workineu’s compensation acts, as compen- 
sation for personal injuries or sickness plus the amount of any 
datmages received, whether by suit or agreement, on account 
of such injuries or sickne.s.s, and amounts received as a pension, 
annuity, or similar allowance for personal injury or sickness 
resulting from active service in the armed forces of any country; 

• (c) The rental value of a dwelling house and appurtenances 

thereof furnisiied to a minister of the gospel as part of his 
compensation ; 

(d) ^ Pensions and compensation received by veterans from 
the United States and pensions received from the United State.s 
by the family of a veteran, for services rendered by the veteran 
in time of w'ar; 

(e) Interest on adjusted service bonds and interest credited 
to postal savings accounts to the extent that they represent 
deposits made before March I, 1941; 

(/) Income, other than rent, derived by a lessor of real 
properly upon the termination of a lease, representing the 
value of such property attributable to buildings erected or 
other im pro vein enhs made by the lessee; 

(,g) Income attributable to the recovery during the taxable 
year of a bad debt, prior tax, or delinquency amount, to the 
extent that such debt, tax, or 'dolinqucncy amount did not 
operate to reduce the income tax liability of the taxpayer for 
an}' prior year with respect to such debt, tax, or amount; and 

(A) Amount received by personnel below the grade of 
commissioned officer in the military or naval forces of the 
United States a.s salary or compensation in any form from the 
United States for active service in such forces not in excess of 
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-oe ' tV e r.hc-tjr" 


V e n c> e 1 affect the 


desire and selection of tiux- 


'QUipraen t 


t ti‘terefore? Yes. it does. 


For one instance , let is cor.siner the cane of a rec tangul an -shaped 
vensel. The regions of stagnation in such rectc.-ngul ar-shaped vessels 
an concerns tnixing, which tenfi to r3evelop in the vicinities of the 
side-to-side and hottoin-to -sides joints will frequently demand, if 
the interests of .-niforw. mixing are to be served, either or hothi of 
the following ameliorating measures ; - a grea ter-than -normal intensity 
of work-input per unit volume of hatch as 'a means toward reducing th€ 
degree of stagnation existing in the said joints; and/or a breaking-i 
of the required vntk input intr a larger -than -noivnal number of 
individual uiixing assemblies to- assure a better distribution of the 
requisite mixing action. (NOTE:- “Grea ter-thun-normal*' and ’’larger- 
than-normal*’ are used here to describe pr^ocedures whicl are extra- 
ordinarv as leferred to "normal cylindrical vessel practice^'.)* As £ 
second instance, let us regurd the case of extraordinary sleirler-shapt 
vessels, (i.e. by slender-shaped vessels, we mean vessels v;hich are|[ 
characteri^d ed by extremely large length-to -diameter ratios), T}\e 
difficulties which atten i end-ro-end transiiii s -ion of mixing action ii 
slender-shaped vessels v;ill either force resort to special multiple- 
rotor mixing assemblies (i.e, mixing assemblies iri which a plurality 
of rotors are mounted on a common shaft for the purpose of establish^ 
a tandem action betv/een the individual rotors) or to the use of a lai 
than-norinal plurality of individually mounted mixing units employed a', 
appropriate intervals along the end-to-end axis and at right angles 
to tlie said end- to -end axis, The instances offered above arc but two 
isolated ones to exhibit the influence of vessel-shape on mixing 
equipment design, heedless to say, others abound. 


2, Al l ot her thirds being equal, will the use of -ished , flat, or conic£ 
heads in cylindriCv-1 kettles affect the design L.nd -election of mix i^ 
e q u 1 n^n > n t ^ t h ■ » r e f o t e V Yes, the t pe of heo'^ used v/ill deterrriine. or l 
least effect# the solutionof the mixing problem. For one thing, tlie 
type of head used will determine v/hetber there will exist a conditio? 
of stagnation, as concerns mixirur. at the head to-cylinder joint and 
also the probable severity of the sta "nation condition* if s . ch tjiert 
exists. depending upon V^e type of mixer used, the tvpe of head 
used would determine the measure/s adopted tf C'Unteract the stagnatJ 
condition existing in consequence of the head -to -cyli nder joint. 
Secondly, where the type of Miixin'’’ equipment used calls for the ^leflv 
of an impelled stream off the head member as is frequently the case 
v/here marine propeller types of agitators are emplo ved . the type of } 
used will determ.iru- not only the character of the del^lection, but 
secondarilly v^hether additional ineasures must Ve adopted to counterac 
any possible excessive loss of n.ixing action resulting from "impact 
losses ” # 

3 . V/hy do baffle structures , coils . internal ladders, etc, arxl badly- 
for m ed jo i ntn i n kettles produce ar e as_ of s t a gna t .l on as regards m^xii 
Reduced to essentials, mixing may be a ttri'r.'Uted to tv;o basic phenome? 
the mixing v/hicl is due to the direct action of rhe tgitator cisseinblr 
members (i.e, through inij.<ct with the agitator members and/or through' 




frictional iinpodbn 
otruciureo)^ «n'i 


-n • .rri t a to r iii e ri 2 b r s a r 
i?irs in consequence of 


to f 1 o v; offered b y tl'. e 

e;.} ; , a ji-j , -^ 00 nd ly , the rnixn.'. v/hich o^fa-s in consequence of tne 
kinetic energy (eneT.xv of niotion) imparted to an impelled strea;j of liqu 
Coils, ir.ternal ladders, sharp c'. t^r-jcints , etc. and, i i ieed , any 
y/hicli will induce sharp cr.. np.es i: tha velocity of an impelled stream of 
liquid will , by materially reducing the kinetic energy of the said strea 
reduce the amount of mi>iig 'work of '"'hich the r:.oving strea-’-. is pote'-tiall 
capable. ' 'here the impeding structure, member, shapie , etc. is capa'nle o 
either drastically or completelv reducing the kinetic energy of the 
impelled stream, there results a zone of stagnation. 


4 , ••'h.y is it important to knov/ the pressure level at which the kettle is 

operated in d e s i g n i n g t he mix i n p: e ( ■ u i cuii e n t ? It is impoi-tant to knov« 
the maximum pressure at which a mixing kettle is operated (i.e, the 
maximum positive nd/or vacuum pres’urtO for the foliov/ing two Teasonsi** 
firstly, in order to be able to determine the resultant thrust load 
acting on the agitator hri^'e bearings; and. secondly, in order to 
determine the type and size of stuffing^ Vox v;h:ich should be emploved to 
prevent leakage at the point/s of shaft enrry into the mixing vessel. 

The resultant thrust load actir g on the cgitator Drive bearings have 
tViree basic components!- the d ea^i- .veight thrust of the c>p:itc. tor siu. it, 
the agitator proper, etc,; whatever axial thrust is developed in consequ 
of the agitator’s opera tic-n; and. lastly, the end. -thrust acting on the s 
in consequence of any di Pference in pressure levels which may exist be tv; 
the interior of the -vessel _n which the sh.-ft operates an<l the external 
atmospheric pressure. hny one of the mentioned coinponent forces coinpris 
the resultant thrust load inay , for certain instances, be equal to zero. 
Thus, for purely horizor-tal ^rdxer units (such as side -entering agitator 
assemblies), the d ead-v^ei ght axial thrust o- Id 'oe zero, the dead-weight 
of the assembly constituting in this case a component of the radial load 
of the agitator assembly bearings, j.3 for the axial thrust which some 
types of agitators develop in consequence of t]ei‘r operation, this pheno- 
ls signif lean tly characteristic only of agitators of the follov/inp: types 
marine propellers, single-suction turbines, pitched-blade turbin^^ mixers 
ar;i paddle, ancr-.OT , or py te a semblies in ''hich the 'olade component.-= 
thereof are pitched to exercise a partial propel linf-; action. For all ot 
types of agitators, the axial thr st developed in consequecc -e of the rot 
Operation v/oul^’t be virtually equal to zero. Considering the end -thrust 
acting on an agitator shaft resulting from differences in pressure level 
inside and outside the ke'tle in which the agitator' assembly is located, 
it is obvious that v;hen the internr.l operating x-ressure is atmospheric t'. 
said end-thrust vrmld be equal to zero. The end-thrust resulting from a 
differenc' ir pressure levels insi :e and c»utside the x'ii' in kettle a-?eer.:i; 
may be computed by the -^brrnula:- 

(A)(P) 


T/liere A is the cross -s ectional area of the agitator shaft in sq. ins. ♦ wh 
P is tite difference betv/een the internal operating pressure and atmosphe 
pressure, a-nd' 'vhere an ..gitator sht.ft of unifornn diameter is being dealt 
wi t I'l . If P is positive, t t.en tri e said end - 1 h vv s t w u 1 d be o u tw a r i fro m 
vessel; 'w.ile . f P is negative {i.e. if t} e internal opera tin/-: r res cure 
either a partial or complete vacuum) , the end -thrust due to pressure v»‘ou 
invrard to tJ-ie vessel. It will furthermore be noted truit rot only is it 
important to know the internal operating r ten sure of a kettle in order t- 
a proper stuffing box be selected and in order that a proper computation 


V 


t>i th r u n 1 1 o a e T i o t i j b'nove ''- e r r ' t , but l 1 s 
pose r f ■• e t er i n • • i i eq u o t e s es. 1 s ' or s u e 1 er3 s ubrne r /:e‘ 
or guides ls *^t.y be e};;ployed ir^ -ipeci&l ir itonce’. 


rr the p 
beorir '•; 


5. yhy is it ix^iporti^rj t to Icno 


; ?> X i Tiiurc Q p e r fa t i n t ei:!p er u t u r e for 1 1 . t 


liqui O bcjtch in i> mix in problem in ortier to rjroperly nesi^n invi ">el ’ 
mixin/y e qul Parian t ? Tb-e refcsons ?/hicl'i mhy be properly odvunced Iy] thii 
regard are qui' e nuweY'OUs ard •i .3 espread* oo^fie ^ev? of tile Jriore iuipoi 
of these ere listeYl belov/:- 


1 , 


because of the bearing of temperature upon the corrosion 
resistance properties of the !n:teri..ls of vhich the submev; 
Members of the agitator osseinbly may be built 


2 . 


because of the bearing of temperature upon the strength 
properties of certain irat ei-'ials of vdiich the Uigitator assenA 
may he built 


3, 


because of the nearing of te>rip erat u re upon the clearances 
specified in such guide members as ■.:ay i;e used 


4 . 


because of the beariYi.g of tej^iit'rv'. ture upon the allowable 
unit bearirg press'ore v.h ch i;iay ie used in designing t3ae 
agitator shaft bearing and guide members 


5. 


because the m.axitiUin operating'' temperat; re will determine 
v/hetlrier the stuffing box unit, if any is i-sed , ahould be 
jacheted or not 


6 , 


bectU3se , in certain extraordinary operating te-ipera ture 
conditions* it is advis hie to check on the ^nnount of hec-t 
which may be lr-v;smiited thr-ough the shaft of the mixing 
assembly to the Drive itself 


^ • ’•'•'hy is it impo rta nt to knov/ tr.e rninimurj opera tin<i te^-perature for tht 

IjQuid na ch in t. 


)robIei:;, if ref rigerationis ewplo ved for the 


kettle and it3 _ co n tents » in order to .^J.^byrly desi.gn and select n-ixi 


equipmenty Here, as in Item'^5 above* the possibl 
the importance of knowing tbie :,”inimum tem-pera ture 
the ques ti onrange over a '-ide scope, however* the 
reasons is the bearing; of exceptional! v low te\:per 
properties of the v ri ous meiijbers of the agitator 
even most, of the comin'-n rnatericjils of fabrication 
design of agitatc^rs ■■ er:c ns tra te i. i’.crkon tendency 
meiit *, poo I" resistance to abrasion, ^ni eiallv r 
properties at temperatures si gstif i cantly below the 


e reasons to suppoi 
level e>i!ployed s 
most iinpo riant of 
f. lures on the srre 
as v'Xiibly. Many* or 
en t eri n g in to th e 
to develop embrittl 
educed strenrth 
freezinp; point of 


v;a ^er 


7 . Is it impc>Ttc.nt to b/ -l.e 


the 


a/ritator assc’.nblv ir to ei. ter tf;r 


.1 ; eke tv Yen, it is. it is r:.'t onlr important for the «-rGon sele< 
and designing the ini'- in;- equipi.ie.^t not only to be acquainted with tia 
fact that it is proposed to Vri; g the ’rii/.-ing: as -embly (i.e. the .-wa- f 


tl e r eo f ) in thiro u gh 
ature service/s for 
of t rie i r ter; t i on to 


a kettle jachvt but also to know the extreme ten;; 
which the jacket is i -tendt-d. : erely beio.g. irfo' 
hr i ■ g ty e mi xn = -■ equ i xomen 1 tliro u gl: c. j a ck e t ’ao u 1 • 






of course Cv n^Bpion the "herehy tiie^px .- tik equip\;Jont * 

pa rticularly ""^rive . woul^i b inounte'’! * fijndli.rity v/ith thi-? 

extreme tempers turt* o.ervice.-^G "or v^hich the jochet in intende-: -oul 
per:i[3it t:- e ’I'ont intellirent ection of the r.cckinpj if teri d/s ' t.n<l 
gui<ie -bushin;^ :n<.. tericjl c ‘^.'ipon • to o f . ny stuffior;; 'r-ox .’•hich Dight be 
eiv.pl oye-i. In extr ^^ordinary te-'p r. tur--- soTvic-' onn Utionq . kiio^'l^*'' 
of the specific temper<3ture Tonga might well effect t?ie specif ic ati o/ 
for the T)rive en-i the ineens eloptel for lubricating such outboer'5 
shaf t -'bearingr^ as are involve i * an-'^ could even possibly necessitate 
forced lubrication and/or special cooling arrangements for the stuff: 
box assembly if a box were used at the point of shaft -entry through 
the jacket. 


In physically blending two or i^^ore liquids, what is the f-mction of ! 
equipment? To answer tViis que.stion* it is firstly nece^33a^y to defi: 
our terms. By '’phys4cally blending" liquids, we refer to any operat: 
calling for the mutual dispersion in one another of two or raore eitht 
pa;rtially or completely miscibl a liquids. By v/ay of fur”&ier clarify!' 
what we mean by "physically blendin;-" liquids, it should be noted th^ 
where the liquids to be blended are only pc.rtially miscible with one 
another the mixture is held to be c. "blend" onl;/' when the ingre.dientr 
of the mixture c^re present to the degree in which they are vjiscible 
with one another. If portiolly >i.i3c.^ble components of a uiixture ^.re 
being dispersed in one another to an extent greoter than the limit o" 
their miscibility, the ^nixture as a whole goes out of the cla.ssifica' 
of a "blend" a d into the realm of an emulsi'.‘'n» regardless of v/hetUei 
the resultant eujulsi n is of the permanent or tem.j-r.'vry tyo^j. In a 
"blend", the dispersion of one liquid in another is said to taice plot 
to "molecular d imensi ons " . That i.s to say, if it were rjossible to 
place a sample r^f the "blen^" uniev a ’hjjoleculai- mi scroscore " , the 
molecules of the individual liqui ^ cnmporen ts of the m.ixture would be 
f ound to be in sym'^jetric arrangement in all plan-'S with respect to oi 
another. hixing equipment as known today, regarlle.ss of make or typt 
can obviously not be said to achieve the molecule -from-nolecule disi 
gration of any single exponent of a liquid mixture v/hicli would underl 
the af ore -mentioned "Uspersion to molecular dimens on s " . The molecv 
from-rnolecule d sintegpa ti on which of necessity must be attained to 
achieve truly molecular dispersion is, in fact. establisV-ed through tl 
?f]eans of the -diffusion currents vhich are set up vhen mutual ly miscil 
materials are brought into co-tact vh th one another. The actual 
dir, j.nte.-^ra tio n , as referred to above, takes place, in the pri:iU;ry 
instance . as a result of a i/iutual physical ard/or physico -che:vical 
neutralization of tne molecular loonds or forces of cohesion v/hich hi 
the molecules of the pure liquid together. The function of mixing 
equipment, in viev; of the above, is to establish the pri'nary dispersi 
of one liquid in another as a means of bringing the "neutralizing" 
phenomena into being;. 


In view of the material in Q.~.;esti on .^8 above, h^w far are vve Yruly 


pi-iv ilegei to go in settinor forth efficiency claii.ns mixing 

equipment of one type or make or anothev as far as plu’sical blendln' g 
problems are concerned? Basic factors Bay be said to govern the 
efficiency of blending operations as defined above:- firstly, the 
uniformity of the rnixhg action; and, to a varying degree, the intens; 
of tlie ;.'ieans of agitation employe^l as >nea3ure ] in terms of horsepowei 
input per unit volume of mixture. By the unifnriiaty of miTchg action 



we raeaeure pri^T^^llXy to the lefivee to whio^kthe iiquii batch is 
uniformly kept a state of circulation a^^the iegree to which all 1 
portions of the Iiquii batch brought at one time or another withit 
the scope of the -lirect ^ctir ^ the tnixing units proper to the 
•iegree to which areas of sta • .ion or secondary zones of inixiny inte 
are eliminated. The seco 'i of the factors w'nicl: was mer. t ione i above i 
connection with netermininr; the efficiency of a blending operation* 
namely the effect of various intensities of woric-inpur , is one which 
varies in importance depending upon the following factors 

1. it v/ill vary with the proportions in whicl't the various compon< 
of a mixture are blended 


2* it v/ill vary from case to case with the degree to which the 
comp'^nents of the ^'blen-i“ differ from one another in specific 
gravity, viscosity , a-d set 


it will vary frequently not only with the means whereby the 
components are added to one anotluer , but with the rate and or-' 
of addition as well 


4, it will vary with the temperature f the ’'blend" as a v-.hole 

"^'rom the above consi iera tions . the following fpiiding "rules as regards 
the extension of ef-'^iciency claims may be deduced:** 


1. Only to the extent that one mixing asseiably ar range^nen t assur.- 
a more clearly uniform distribution of the mixing action requi 
than another is it valid to set forth claims of greater effici 
for 0 ‘:'"'e assembly than another 

2. '.’, 110 X 0 a uniform i is tribution of mixing action exists, only to 

extent that the "blend'’ problem, is respons ive to additional r. 
of v/ork-input then only to- the extent that one mixing a.sgembl;;; 
employs a greater v/ork«input rate than another one prove 

more efficient than another 

3. Where relatively equall'^ uniform distribution of yjixiig action 
exists for either of two cohipeti tive mixing bsse-.^bli es , only 
to the extent that ready miscibility and/or re;.dy diffusibilit 
of the components in one another is absent as a characteristic 
of the "blen j*' then onl'f to that extent may we expect the rate 
of blending to he responsive markedly either to mo-Jerate inert 
in rates of work-input over an existin g liiixr. g assembly or uo p 
increases in intensity of v/ork-input ov-.-r a certain ininimum 
inte "ns i t . / o f '.vo rk-input 

10. ”1 nat is the role of mixing in promotio.r reactions ? The crux of 

establishing maximum reaction velocities for all types of chernical 
re..c tions , regard less of the branch of chemistry to which they may 
belong, resides in the ability with which "molecular contact" and/or 
"ionic contact" an 3/or "atomic contact" is established. This does r 
mean that in all cases t'ne reaction will proceed uS Tepidly as the 
required level of "contact" is ac>iievad. Indeed, thera ar^ some 


X 


re.'jctiona whici^re cribrijcterized oy Ion,'; ^p-juction-peri ods nurinr w' 
the reaction 3ee..i3 to hon,^ fire ieapite tlve f oct that the requires 
level of contact hon boon es '‘I i?3he<i . Vhere c,ve furtherhjore eoiiie 
reaction.? which cire innately' reaction?, in which CrfBC nrnch ,or ev 

the bulk, of the reactants present re siain for lonj" periods of time ir 
the required condition of ’’contect'* in a completely uni’eacted state. 
"K^evertheless , it is still true that the most i^-irnedia te establishment 
of b certain ininiinum level of contact is a {rood overall rule for the 
establishment of maximu?n rates of reaction. This is so for the reasr 
*that while rapid reactions woiild immediately proceed as a function 
the facility with which "contact" is achieved , reactions characterize 
by induction periods and/or by innate slowness tend to respond as v/el 
to the extent to which "contact" is established. In the latter types 
reactions , it is a known fact that vhnile the most immediate achiaveme 
of a state of "contact" would seein to merely constitute the building- 
up of a needless "reservoir" of unreacted materials , the presence of 
such unreacted uiat'-’rials as a sort of "reservoir" tends to set up a 
"reaction-potential" (comparable to voltage in electricity or pressur 
in fluid mechanica) 7/hi ch acts to:- 


1. in the case of a rec-ction having an inviuction-period , shorten 
the duration of the innu cti on -peri o ; and/or establish a riore 
rapid reaction once the reaction oe.gias 

2. in the case of naturally slow re<..ctions, establish a p;rec;ter 
rate of reaction than would otherwise he possible. 


The role of mixing in liquid reaction systems is to assist or make 
possible the earliest attainment of the required stat*^ of "contact". 
The mechanics whereby the condition of "CiU-tact" is acliieved. and the 
precise role fulfilled by the uiixing equipment, depenis upon v/hetht:;r 
the reaction-system is a homogeneous one or a het erogeneous one. In 
homogeneous react! on-sys te*n since the establishment of "contact" may 
ulti?nately be reduced to the miscibilities and/or solubilities of one 
reactant -.vith or in another, the Mechanics, as referred to above, of 
establishing "contact" is wholly similar to the means whereby "blendi 
as treated in Item 8* is attained; and the role assuvaed by the mixing 
equipment then is completely comparable to that which roixing equipmen 
plays in simple physical blending operations. In instances of hetero 
geneous reaction systems, the role of mixing equipment differs from i 
function in homogeneous systems to the extent that the mechanics of 


establishing "contact" differs. Instead of ############# 7 ^######//## 


KOTlil^:- 

1, A homogeneous reaction system is one in which any or all of the 
components of the reaction mixture go into dispersion in one 
another to the full airjount present to "molecular li mansions" * as 
•iescriied under Item 8, in their unreacted form, the more or less 
casual and ran-dom mutual interpenetration by each other of the 
components of a homogeneous system, all exchanf^es c,nd transfers o 
wjaterial taking place in the case of heterogeneous systems occur 


exclusively well ■»d ef i ned interface 'bet^Yeen the continuous 

ani disooitinuc^P ph£-ses. The cenditiors ^R^reby "contact” is attain^ 
in hetero f^ene our> systerijs oiffer "^rom those in horno/^eneous 

systeius in the followin'' a^ri i t . onal resr^ect. V.hiile the level of 
dispersion which a homo goner n ^ :5,y3tem attains tends to he maintained 
least at the level attained if the mixing operation is interrupted, 
heterogeneous system will, upon cessation of mixing, recede to a leaf 
level of dispersion unless std'oilizing matericsls are nresent or are 
added (i,e, that is to say, the particles of the di scontinuous phase 
will, unless stahlizers are present, tend to agglouserate , thus reduce 
the extent of the interface zone mentioned ahov-)* The role of mixi'; 
equipment, then, in agitating heterogeneous systems is, generally 
speaking, a far more important one than in the cage of homogeneous 
systems. The said role may he said to consist of:- firstly, setting 
the maximum possible intei’fcjce between the continuous and discontinue 
phases; and, secondly, the task of maintaining ihe said maximui'i level 
of dispersion against the innate tendency of the :isr^’''tinuou 3 phase 
come out of the said ^:>aximum level of dispersion. To the aforementi: 
tasks of mixing ec:{uipment in handling; het er ogeneous reaction mixturer 
there may, in some c<ises , be added the function of conitinuously "brui 
the surfaces of the particl-^s of the di scontinuous phase, not primari 
for the purpose of further reducing the nar-^icles in size but to des^v 
"chemically stagnant films” which may tend to envelop the porticles. 

In view of th-^ material, in X ter*^i 10 , how far are we trul'/ nriviler/ei 
-io_ go i n setting forth efficienc-^ claims for mixing eq uipment of one 
type or a not her as ^^ far the a-^itation of reaction mixtures is c o n c e r n r 
Claims. 83 to probable improvement in reaction velocity which "one type 
of mixing equipment might produce a.i compored with another veay , indee 
only bvt ^ cn the basis of direct experience w'i th the 

reaction in question. . Several reasons und-^rlie this statement:- 


tne reaction wh i c n. 1 1 i s p r o p o s e . i up t h r o u gh 

the use of one type of a ^fjixer over another 'na.y be character 
by a long i nduction -perio d , in which case neither improveraer. 
tne dis tr bu tio n of rhe Tfjixing action provided nor inertnesses 
the intensity of the mixing action nor changes in the specif 
actions whereby mixin; is accomplished -.nay appreci able affect 
the overall velocity of the reaction 

2. the reaction which it is rrop'^'^sed that we speed up throuahi 
the use of "specially adapteV* mixing equipment might 
conceivaoly belong to thot clo.ss of reactions which are inna 
slow, a.nd 'vhi ch might thsT'efore demonstrate a negligible 
responsiveness to improv'emen ts of the c nodi tio rs under which 
the time in which "contact” is established 


.•/hich reactions may transpire, 

. an']/or agitation, it riiay be ; 


of all the conditions un ser 
temperature, and/^or pressure 
<-js f generol though not universally true rule . inevefcses in 
intensity and improvements in th.- quality of mixing above a 
certain modicum thereof produces no result.s cn’i-iparablt- to tl 
influe)' ce of increa -es i •* teniper atu re for almost all Teactio 
T pressure in some reactions. 


These cnvis-neY^ not, hov^ever* to coij^irueo to estohlish c-n c.xir 
that ’-nixinf-r f.;3^^cri ioes not [li'.y an i^t^po^SKnt pi^rt in prono ti np: 
reactions in estahl iahin-: '.hen et ,the_hr inaxiinurn velocity. V;hnt 1 

above I'ejiarks are intenileJ to convey is an attitude of caution in 
pTofferin?^ assurances as to tl- probable accelerating influences of 
one type of raixer over another in promoting cheMical reactions. It 
should be noted in this regari that the funda^nental proof of the atti 
advanced above are the following:- 

1. in all chemical reactions, there exists an energy balance 
betv^een the starting reactants and the resulting products. 
That balance establishes all of the characteristics of the 
reaction ♦ including its velocity. If the said energy balai 
is reduced to its ininitnuin terms, it may be said that eacri 
material v/hich enters tho rec;ction»0T rather the ultimate 
constituents of which the material is composed — -molecules 
atoms » or ions » are endovi’ed v/ith a certain amount of ener©' 
under the conditions in which the reaction transpires. Tht 
energy which these ultimate particles possess determines i1 
"reactiveness*' • in the main 

2, obviously, a gross piece of equipment like a mixer, which., 

pointed out above, merely acts as an auxiliary means to tht- 
processes of diffusion and solution v/hereby "ultimate contt 
is achieved and which does n t directly the ability 

to separate mole.cule-froin-molecule , etc. cannot reasonably 
expected to appreciably affect the energy potential of the 
"ultimate particles" (ions, or atoms, or molecules) upon 
whose behavior the characteristics of the reaction depends 
the main 

But as noted above, if mixing equipment cannot extend a reaction’s 
velocity beyond its own innate liirit and yet can b-^ employed to 
establish the reaction’s maximum velocitv limit, what are the factors 
which may restrict a reaction belov/ its natural maximum velocity and 
does mixing equipment alter or offset the said factors? The factors 
may tend to restrict may be any one or any combination of the followi 
non -uni form distribution of the mixing action which is provided; and/ 
a lov/er than required intensity of work input; ^-.nd/or.an iiTjproper tyj. 
of mixing action. non-uniform distribution of mixing action may 
result in any of the follo'wing undesirable conditions:- local 
undistributed pockets of ra<.>ctants ; and/or, in certain instances, as 
uneven transfer of heat from iieat exchani;- surfaces to or from the 
reaction mixture; a protracted time ep’da before "contact" is 
established on as a^mplete a basis as is required for best results, 
lower than required intensity of mixing action willmaterially reduce 
rate of heat transfer to or from the reaction mixture and/or increase 
the time cycle required to establish that minimum level of "contact" 
is required in orier that the reaction start up. Before we can tree 
with the e''fects which issue from an improper character of mixing ad 
we must define what we mean by the terms , imp reaper character of mixii 
action. Included in the "character of a mixhg action" are the ratio 
in which the mixer exerts direct mecha.-'ical action on the reaction 
mixture to the extent to v/hi ch it exertxs indirect or secondary actioi 




on the Lilxtur^^ 
inr^uces for t^Pr 
which the mixer 
becorn-'S a very 


ann the specific fiirectioj^l^ of flow which the mixer 
"reaction mixture. The ePPrnt of direct mechanic&i i 
hrin^ to hear on each portion of the reaction charf^t 
si fican t factor:- 


1, where materials ate resentin the reaction mixture which 
demonstrate, in tiro case of f.otentially ho?to ^'^eneous reac' 
mixtures (i.e. homoj'^eneous rrom the standpoint of the 
reactants rather than products of the reaction) » poor 
d if fusibility ani hi fh visco si ty or ^^cnsistency 

2* where solids are > resent as reactants and are a'ided in 
large lump-size particles 

7). where materials intended for solution in another reactsni 
or reaction -vehi cle tend to go through various stages of 
consistency upon sol ven t-infil tration prior to final 
solution and where the period of existence of the 
intermediate stages of consistency may he shortened by d; 
mechanical action on the given so Iven t-inf il trated mater: 


In some very extraordinary cases, the absence or near-absence of 
a nreciable direct inechanical action by ^nixing equipment is de'mandei 
This latter condition hos been known to prevail where materials^of 
giant -inolecular structure, as with the instance of the Vitamin M 
complex, are being reached, in which case 'irect mechanical action 
would tend to break the laaterial dovm. j.gbin $ in cases where delic< 
or tender catalysts are present in the reaction mixtui'e and/or where 
surface-bruising of a catalyst cannot h permitted, the absence of 
direct mechanical ...ction by the ^riixer unit proper iS essential. Th< 
second component factor in dei,ermining the "character" of the mixin- 
action provided, namely that of the directions/s of flow which air 
induced by the mixing unit, is employed as a counter-measure again' 
the following con<iitinn3 and phenomena where these are contended v/i' 


1. the tendency of certain silids , gums, etc. to float on th 

surface of a liquid mass 
/ 

2. the tendency of certain solids, gums, etc. to settle 

1^. the tendency of certain mixtures of liquids to "layer ou' 
or to persist in a coniition of strati fi ca tion 

4. the tendency of C'^rtain structures or structural forma tif 
to produce areas of stagnation as regards mixing 

5. the tendency of gases, in gas-liquii reactioiis, to escapf 
before the gas-bubbles have been su'ficiently reacted 

The adopting of specific "d i rec tionali zing" of the streams which th< 
mixer induces is also frequently resorted to v/ith respect to heat 
transfer surfaces in order to establish an optimum cmdition for hea'! 
tra’^^sfer. In this connection, it xs v/ellto note that "di rection ali : 
a‘3 produced by mixers ia sorrietimes aided, as a design condition, by 
addition of special "tiirective" b&ff'les and/or draft-tubes (SEE 3EC'- 
OK DKaPT-TUBES I*’ Ti^IS ’’aMJAL) . In suimnary . 


1. nft equipment regciTMlesTj^^f type or Tnake cannot 
extenii a reactio I’s velocity si g' iticantly neyon'i its 
ovrn natural spe- >i 

2. efficient mixii. equipment can » hov/ever • est&l^lish the 
con 'lit ions v^here'oy the reaction’s maxiiaurn natural vein 
is realized, i^^ttaining the ano ve men ti one d required co 
itiona includes;- providing for a nuiform distribution 
of mixing action; providing for at least the minimum 
required intensity of v.orh-input; and, l..stly, providi 
a irjixing action of suitable character 

3. the section above dealing m th "blending operations*' 
will provide a gui'de Oor estisjating the relative weigh 
and importances of mixing intensity, mixing uni^'ormitv 
and mixing "character** as regards homogeneous reaction 
systems; vfriile the sections below treating v/ith emulsi 
and suspensions willprovid e similar guides in re 
heterogeneous reaction systems 

V.^at role does mixing equipment assume in the n rep a rati on of emulsio 
Before dealing specifically with the function of mixing equipjnent in 
preparing emulsions, we should define v;hat we me; a by the term, ernul 
An emulsion is a dispersion of one or more liquids as an immiscible 
phase in another liquid or mixture of liquids. Either the dispersed 
( rJis continue us ) phase or the continuous phase may co''tain a solid/'^s 
in a state of solution or s spension. Emulsions may fuTther;!iOTe 
be of either of two types:- temporary emulsions, on the one hand; 
or. pernirnent emulsions , on the other. Temporary emulsions are tho 
in which it is not desired, for one reason or another, that the 
stability of the dispersion c- ntinur appreciably beyond the imrneiiat 
period of mixing or emulsification action, Permanent emulsions are 
those in which the stability of the dispersion is required to endure 
for an indefinite period beyond the immediate emulsification actionl 
Temporary emulsions are most frequently met with:- in washing or 
scrubbing operaticns in the purification of gases, liquids, or solir 
in hetero geneous reaction systeiiis as described above; and as 
intermediate steps in operations involving the transfer of solids, 
liquids . or gases which are in solution , , in one 

liquid to another liquid, Thv ii scontinuous r^hase of an emulsion v/i 
most usually consist of particles of fairly uniform dimensions. The 
precise dimensions of the said particles will vary with the emulsior 
in question and ,f requen tly . vvatii the procedures employed in the prej 
ation of the emulsion; but, taking the range of emulsions as a wholt 
may lie anywheres in th^- rangf' b-^tween particles of l/s" mean dia!r;el 
to 1 or 2 wicrons. In general , it vilbe found that the question of 
stability of eh.ulsions is one '/hich is very rigorously associated 
with the particle “Size to which the discontinuous phase is disperse/’^ 
"hat factors, the, control the particle -size which is achieved for 
the discontinuous phase? These will be found to be:- 

1, tlie colloid . if any, present in the emulsion-fo rmul a ti 

2, the order and rate of addition of tiie components of ty 
^ormul ation 

3, the nature of trte mixin-'j action em.ployed 


r.efore rc^ etjch of these fc.cto pbTticulcr» it shoulO \ 

h6rier] thut relative inipra't&nce of varies v,ith the eirmlsioi 

at hand. Dealing with the question of stabilizing; colloids firstl/; 
these will be found to cons!--. t riost usually of organic or vjatallo-* 
organic Materials or mixtu- which » in any case at hand, is insoli 
in both phases of the ei-.tul sion , or at least in th- continuous phast 
The colloid rnay be an added ccinponenu of the e r/.ul sion -aoixtu le as s 
or it might be a natural component of one of the ingredients of th* 
emulsion mixture. The purpose of the colloid , where one is present 
is to provide an envelope -^or each of the p.rticles of the disperse 
phase, the said envelope serving as a surface capable of collectini 
and Tetaining, the electrostatic surface-charges ^vhich are renerate- 
and deposited on t>\e said envelope in consequence of the mixing 
action provided. The condition of coitinued Jispersion, ox staV^ilil 
of the emulsion, which is attained for any emulsion is a function 
of the mutual repulsion by each other of the envelope-coated partic 
the said condition of mutual repulsion being established in conseqi 
of the deposit of surface-charges of lihe sign on each colloid erivej 
The ability of any given eligible colloid cl material to satisfy th*' 
stability-requi re);!en ts o f an emulsion problem at hand will frequent 
be found to be specific not only to the chemical coL'jpocjtion of the 
emulsion os such but for the tempei-ature and pH conditions v/hich 
exist during emulsification. Just hiow Important the use of the 
proper type of colloid is will he demonstrated by the fact that 
changes in the colloid used v/ill he frequently maice possible and/oi 
necessary changes in t>ie type of mixirig equipy;ent used in o'der to 
obtain set levels of dispersion and stability. The importance of 
the Older ^.nd rate of addition of the components of an e^Jiul si on 
formulation is one whiciv can vary frorii insignificant proportions 
in some cases to o u ts tandi ng propo rtions in another. In certain 
instances, the ability to achieve any set level of stability will 
depend upon the most meticulous adherence to a certain ordei anfl/oi 
rate of addition of compt-nents , ,c.'ll other proceduxes in those caseo 
resulting in adverse effects. The ■'^unctions served by the mixing 
equipment, after the interplay of the abo vementi on-.-d factors have 
been pointed out, must re understood against the following backgrot 
As opposed to ''fixtures v/hich form true solutions (or dispersions 
to rcdecular dimensions) and, hence, mixtures which could be brought 
to homogeneity through the mechanics of dif^'usion currenrs actin'; 1 
themselves providing a sufficient aii'ount of time where allowed to 
elapse Gi.bsequent to the full ''crmpouridiri;;'’ of th.e mixture, eir.'Ulsic 
mixtures can be established at rven the most elementary levels of r 
persion only t}iru the application of mechanical or external sources 
of xvork to the ernulsi on -mixture , The external v/ork v/hich xS applie 
to -an emulsion systeio goes, first!' » t-.' ti^e dispersion or phj^sical 
d isin tegra lion of the di s conti nuous phase, and, seconily, to fieposi 
and generate the surface-char ges on the d iscon tinuous phase to v/hic 
reference is made above. f these tasks whicii the mixing equipment 
must accc'ir.pljsh, the distribution of the d iscontinuous phase is, gc. 
erally speaking, tin- less critical. The generation and deposition 
the surf ace -char ges . v/here it is required (i.e, where prolongerj stx 
of the eiru 1 s i 0 n is desired) . presents a far more co!oplex demand in 
that while in so^i'c cases th*-’ slightest exceeding of even t-he most 
gentle intensities of v/o rk-appli ca ti on v/ill result in an ’*over-v/or^ 
or "over-shearing*’ of tlie emulsion io other cases the slit-'htest 
falling sliort of a certain minimum intensity of work -input will rex 
in an inability to produce tire ieq..ired level of stability. In ot! 
cases, the allowable range of v/ork-ih t ens... ti es which rnay be applie< 


v/ill fc’x^fc to b'-^ virtu oily liiiiitles^fcr v;ill run belvveen v.'i>ie 
limits. Ti^^&bility of tiu'? discontinuSR i^hase to ciccept h reqi'i' 
surf fc>ce- chi. r^^i rj'-7 wli frequer-tly be resporisive h well to tl.e 
"churoc ter '* of the jnixin ■ . ction employe- ivll o their tMn/ ;s beii; 
equal, then, we -riay 'raw , ■f’ollowl j; •' eneraliira t i ons in re tl^e 
t'unction of rnixin/^' etiuipuient in emulsi t*! cation problems:- 

1. for a piece of mixirxg equipment to be suited to an 
emulsification problem, it must not only be capable 
of accomplishinfr: the task of dispersing, but, if 
enduring stability of th* produced emulsion is a 

r e q . . i r eui e t ; t , it mu s t ei:.p 1 oy or exert an inter- sity a r.d 
'‘chary ■’ of wo tx:- input v/hic/i is adapted admirably tr 
the .genera tiOi- a^nd deposition of surface-charges on tht 
particles of the dispersed phase 

2. if the emulsion to be pTor3uceri is of the teiiiporary typ< 
(and, it shoulo be added, does not even involve a etab: 
stage of the emulsion aS c.n i: termediate step) , then tie 
deposition of surface-chorg-es , as expldited above, do -s 
not enter oS t.. factor. In such casrs , there will exis* 
no critical lev^'l of v/Ork-input intensit/, and hence, i 
sole considerations in d etei-mining the required rate o1 
v/ork-input vrould he:- the siae of the batch of emulsicn 
to be preparers ; the maximui'} viscosity assumed by the 
eirmlsion system during its .. i epax'ation ; the specific- 
gravity of theemuisior. ; th period of time to '^oe allo\\\ 
for attainmer t of the emulsified state; a'-i the requirt 
'"-•nts of t>ie e’-ulsif ication kettle for uniform distrib; 
of th.e mixing, action 

3. if the emulsion to Tbe produced is to be of the parmanei 
or stable type, the limits as to work -in tensi ty v/hi ch 
the mixing equipment may exert, ard th- ”charaoter‘' of 
mixing; action used, wil3b,- co -d i tio ned b/ the type 
colloid present aod/or liy th- . rder and rate of ad-iitic 
of the components of th- emulsion 

In vi ev/ of the material discu ssed under I ten 12. what claims as to 
the rrobab l e erfiuls^i'i cation efficiency of a mixer of one tvne or tta i- 
or anotVier may be honestly . 'ivanced? V/ithout specific knowledge ot 
the t‘.pe of mixer v;hich has been successfully employed in preparin' 
the emulsion in question, at least on a laboratory or pilot plant 
scale, all claims as to probable efficiency of onetyoe of mixer 
oranother v/ould be inclined to partake of an extre-cely dubious 
if not a somev/hot spurious character. It is obvious that where, ar 
noted above, tliere may exist minimum and/or maximuirt limits ay to th 
T/ork-intensities which may be applied to any emulsion formulation £ 
hand and where both the latitudes as to the ‘'character** of the mix: 
action applied and ti.e v/orx-irj tensi ti es appl ied may extremely 1 . irji 
all pre-estimates as to probable efficienc emulsification equip 

ment would be nebulous. This is especially true in view of the V.i ; 
einpirical character of the field and the absence of any but f'emosl 
general rules regarding the mixing requirements of a proponed ^-muir 
T-nless the emulshn in question is cf tb.e tempotar.v type, in which ( 
it 'i-a,'' be treated a-, any run-o f - th'- -mil in., xing problem since no 
problems of enduring -tability are involved, the sole basis of an 
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fan W tlu- prolofanltj efficiency ^^fa piece of 
,n fan ei:julsific& tion x-^Toble'.;; ‘.{;\iBt be direct experirue’-tol evidence 
with the propf’C.en piece of "faip::'jent or -relfated equi^-iiient. Extennl 
the t'nought implied in th- : ■'oxei'xver: sei.'tence and, in fa senee, cii 
its procrf or evidence of its vfalidit » the followinff s toteinents , 
h'&ned upon dii'ect experience in the field of ewulsif -.cation » wll Vn 
in point 


lix tend 


!• while some emulsions, i-s fo ririulfa t efs in composition and 
preparfation proceduies, uiay he produced hy normal mixii;:> 
equipment as e?n ployed in tie liq.-id irixhg field, others ivi] 
resist formation with equipment offering a "chfaracter" 
and irtersity of action differing appreciahly from the ii;o 
i n t ens e f o r’:t of mil ling eq ui pinen r 

y. s. v.ie e’'ulsi'ns v/hich are p'esenlly heinp: produced on a 

"hfarrel -and -s t ic Ic” basis must on the other hand he suVjeci 
to fa '* chcTfa ct er '* and intensity of mixingaction not appi'eci 
different if the desired qualities of the emulsion are to 
retained 


if an emulsion which is curiently I'eing prepared on alaboi 
or pilot scale is i.o he transferred to coK^mercial scale 
production or, if 1 rga'r equipment than is currently used 
contemplated, one may choose betv/een retaining in the neiv 
equipment the closest approxim^. tion of previously-ev/iploye-: 
equipment in '’ch.-racter “ and in intensity of v/o rk-input c 
eu^naric upon an experimental program t(> determine the svorK- 
input ’’speci fica tions '* of tho emulsion at hand. This does 
not mean that the de3if-;rier cannot pei'mit any deviations 
from tha original conditions under which tlie emulsion at 
hand was prep.:- red nor th- t he is restricted to the ij.'O'-t pm 
cise oH-i detail duplication o the originally-employed 
eq:ipme})t. sires the broad classification of equipment to 
which the ori finally -employeij eiiiulsifier may be assipjned wi 
most usually coritain allied equipment in both ''character'* 
intensity of action. Indeed , other equipmerit bebi ging to 
sam.e classification may, where "magnif ic ; tion'’’ of pro'lu ’ti 
is CO' templated , offer irore complete answers to the prohle 
of equipment with enlarged capacities. Thus, where enlaT/- 
replicas of the ori finally -employ ed equipment also entail 
concommitant i'-agrifica tlon of inefficiencies (as to distril 
of r'iixiiig action the ] ike) of the original type of 

equipment, equipment of an alli-'d type but excluding the u 
desirable features of the original equipment may safely be 
employed. ’'^or the saice 'f these considerations . it shouli. 
noted that all knov/r ’^orms of emulsification equipment '‘nay 
'C Sc-fely divided into three classification:- firstly, 
equipuient involving plate- 1- -plate shearing action or rely 
upon ’members -in -con tact having speed differentials in the 
faV.’Solute or relative sense; secondly, equipment combining 
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> r o 1 €• n of 1 i q 12 i • ■ c- ire 1 iflk • v/.t h tut: r - 1 o - r o 1 

r t i o n s >1 i p s o r* t v • «. • ' :) tr co ’ v) I a ;]1') vs o t h e 

ter ^issetin")! '' "Tor.-'r# v'her«r' the et^ytors Ln i roto' 

ct»n not he placed i.; the "direct'* contact class as is the 
case vfi th U. e ti i i ! i n r-c t y ]>e o ^ e q u i j;rrj en t c e ci 1 1 \ ■ i th f i t s t ' 
and, fi.ally, eqa^ncient euployirh^ as ts :/:air, corrsponen t { 
action, i. nd its sole c O’.iponeri 1 ♦ the circulation, whethei' 
high rate •■r not, of liquid and the secondary effects 
T es u 1 1 i n tr t h e r e ^r on . 

In su’i-tiary , in order to reasona'oly estiiiKA- tiie nr oh a hie ef^icienc 
of e. certain t of 'ii>:ivj';. unit as .. piece of emulsification equ- 
ment the followin ' 'ata forms a rniniTnum ha 'is tor such considerat: 
the type of euulsion to he prepared (i.e. whet>:ef of the pormanero 

or tefjporary t'pe); the type of eq^^ipment on v/hid.it was previous! 

successf ull prepared regardlesr; of the scale previously einplcyed 
and the intensity, in torms of horsepower expended per unit of 
volumeof finislied emulsion, which v/as previously used. Ilo other 
basis, other than th^t just set forth* will suffice. It goes v.ithc 
dayin-’ hov/ever thd comparisions as to prohahle of efficiecies of 
any two or u-ore » ixirg as'^e-hlies as eniulsi f i cation equipment in 
v/hich tiie correction of a condition of uneven di strihuti rn of aiix; 
action enters as the aain cc ' sioeration is a safe an* scientirica- 
valid one pro iding the correction of the said co'odition envisionj 
no a p p r e c i {-. hi e c i ; a n uo s in th e i n t en s i ty a r d '* ch l r a c t er " of the nr c 
mixing action. Finally# whe re an emu 1 s i f i c a t i o n pr (> nl em e n co irp a s ■ 
two divisible operations, to wit p re -mixing o t pie -emulc?i "'icati- 
action as ; preliminary step to a finol emulsification operation . 
'."here each of the steps is carried out in di'Terent types of equi 
each of the steps vi&y he properly considered as integrc-l prohlei.ns 
in the light of tVie above discussiori a'od vah; he so treated from ti 
standpoint o'f' equipinent -.election. 

'"hat func'ion does mixh'' e(n;irjment cerfoTr:'; in rhe repd-ation of 
a n d / o r m a i n t a i n i n ,g o f i u s n e n s i o n s V .1 s”spensi or is a disporsioi c 
cl solid or mixtirre o^ 'dids -s undisoolved phtsse in a liquiii 
or ’ ixtuie of liquids. Suspensions , like e ulsions, ifiay he of 
either of two types:'- either of the tenporar type; or, of the 
pemnanent type. Suspensior-s of the peiuranent type have all Ih-a 
charac teristics fornmlion or uiiporation w ich are common t 
emulsions of th-- con esporu^ : : type, a-nd', likev/ise, invc'lve the 

presence in the suspensi on-form'ula ti on of cdloid>s. Hence all ^-f i 
^naterial discussed above in connection with e\'’ulsions o-f' t\ e pervi. 2 
typ'e mc.y be applied, p'ith scie'oti ic correctnes-^ , to the problem c 
permanent type suspensions ard their proriuction. In passin,"-, it 
would he well to 'note tha-t the colloids ■uhdeh re used in the 
preparation of uusp elusions are frequently refer red to .s "v/ettirig 
£ gents". The problem of x rep; ring sper. shns will# however, be 
found to differ from th<.t of prep..rin emulsions in soine xespecPs, 
regardless of the type in question, .-s in the Cc..se f e.-iulsions , 
pa rticle-siKe to whi cli th e d i sp e r s e d p :i e is d i 3 1 ri hu t e d vvi 1 1 
vary, to a greeter o’u le.sser -iegree, with each sasrension at hand, 
and , will frequently vary in response to changes in the procedures 
of p r e t/ a- r a t io n . T & n g tiie r r. n go of su s ' ens 1 0 rs a - b a 'vho 1 e » the 






n . r t i c 1 - s i ? ' %7 ]'. ± c Vi tY o ■ iso ' rs r -i x/hl is »i i s t vi ' ju t ed say v a r y 
anywheres f r or 2 iiii c r r> n s as a limit ®r* r a r t i c le s ha v i rj.y a a n 

dimension in excess- of 1” as /.n upper limit. w-Lth suspensions of th« 
petT.anent tvpe 'beinf" cr;. rc.o 1 ■ : i> ed by p..rti cl e-sizes lying v/ithiri a 
range running from 1 ’ricro. to 15 microns. Extending tlie analogous 
circumstances underlying the basic phenomena v/hereby e.-ulsiono and 
suspensions are brought into beirg. it will be found that the exier: 
woTK whicr' is applied to a s-S pension f oruiui.. tion bears the sai.'ie 
degree of essentiality to the attainment of the required level of 
dispersion so ifs the case ’with e’.;;ulsi ons ; and, where permanent t:,-pe 
suspensions are involved . the said external work-input roes ;'ot onl:s 
to accomplish tine thysical disintef-;,ration of the solids -phase but. 
as in the case of permanent emulsions , goes as r/ell to generate and 
fleposit upon the colloid ao:ent envelo- es the electrostatic surface- 
chc-^rges upon which the stability of the suspension is predicated, 
Vifhiile the conditions surrounding the said generation and deposition 
sirf ace -charges in the case of suspensions is frequently c.s critical] 
responsive to certain limiting intensities of work-input and/or tv- 
certain preparation p^rocedures ..nd/or to certain specific colloidal 
agents as in the case of emulsions, the problem of accomplishing 
the ph'''sical disintegration of th'^ added solids vjol 1 be found to be i: 
specifically tied to certain "characters" of uiixingac tion than is t> 
case with emulsions. As would be normal to expect in view of the f. 
thi t the forces of cohesion betv/een the ’molecules or atoms or ions 
{as the case i;:ay be) of a soli; are stronger than th cohesive bond;: 
tying the ultimate corresponding entities of a liquid, the cane witl 
which the physical disintegration of the sided -.oli ts is effected v/il 
respond very closely, despite the aiding or ielaying effects of ceri 
colloids or "wetting agents", to the degree to v/hidi the mixer eqv^ipi 
employed exerts a direct h-echanlcal m.ctii-n . This is especially true 
of those instances whiere temporary emulsions are being prepared and 
hence ^v^.ere colloids or "v/etting ^ ge’u ts " are n^'t involved. 


In view of the material in Ite;-. 14, wh t claims as to the nrobable 
ef f icienc y in the prey;aration of suspensions ca"n b/ hones tly*' put for 
for mixersof one tyre o r make or anotherV As in the case of the 
corrdspondirji': query in.re the questior’ of emulFjions , this question vr 
be answered un*ier two 'titles:- irstly, as i gards temporary suspens 
and, the, as regards per:nanent suspens ic^ns . Considering the cases c 
temporary and permanent suspensions jointly as f^r as gnevalizati 'ns 
civerin-r botli will go, it is iinportant t(' note thot sliort of:- 

1. direct experience with the* si-spension at hand with t>.e 
pTopc^sed piece of adxing equipment i nd un'’.er the identic 
] Toduction procedures 


evidence based upc^n the per "'ormence of equirment of alii 
nature to tie- type being proposed a'nd under the identic a 
production procedures 


there exists no b; 


. t s a V -r f or e x vend i n g a s s u r an c es 


to the 


T, r o ha bl e mea n p a r t i c 1 e -s i z e in th e d i sp r rs ed pha s e whi c h ’wi 1 1 b e 
obtained. Estimates as to the probable coT;;p-t>ra time but not specific 
performance of mixinp- equ'ipment in setting v.v temporary s s vens ions 



however* he on tt\- h&ois of th ' coiiip^jL-. tive degree to which the 

piece of mixii^T equip'i'nent it exerts ^^^i^rect tiiechenicel tcti'-n 

on eych. lottior, oO the forinul, tion ch. rre* since th.e c oynv;!! c i ting 
factor of liinitir/;; intensitir of work-input oU-i its vela rionship ti- 
the stanility of the pr^ducv. -.uspension ^oes not 

Coir-'Pc-rative performance estimates of newly proposed equipment in th. 
ca.sr of emulsions of ti,-^ correspond ing type (STCE ITEh lo) . as in th 
case of emulsions-, instances in which the r, r ep.,ra t i on o'^ a suspensi:. 
involves a pre-rnixing operatirn as a pirelipiinaty step to final prep- 
aration of the suspension at hand and where separate pieces of eq^-in 
merit < re ef’:ployed In carr’ ing out eac/i step involve individual tr<'at 
ment anl c ons i -'her a tion of each step in accordance v/ith the discussio' 
given above . 


i. t role does mix in-’ nl a v in the r e p - ratio n_ of ^ pl u_t ions v The 
phenomenon of preparing solutions calls for the dispersion to molecu 
ionic, etc. ' (as the ca-e rrsay he) dimensions of s solid or sixtUTC 
of solids in a liquid oi- a-ixture of liquids. In true solutions, as 
opposed to suspensions, the destriction of the sol ids -s true rure , the 
d i s integr c, ti 0 n the £olid/^s , ot of;l_; involves c. red ction the 

nolid/s to more ultimate dimensions than is th. case with suspension; 
tlsr- process as well of ■’ structi n as ”‘-ell relc-gf tes the direct 
!i-echanical action which a mixer may bring to Dear to an auxiliary ra 
than priiiie role, since the actual red ction of tie solids -’f ".-.olutic 
to its ulti'ii'iate di v.!en:'.ioris in acco? .plished tr;rou;''h the neutralising 
hy the liquids/s of the phhsico -chemical 'conds wr;ic)'i account for the 
integration o the ultiuK-to component y....r tides of th solute into a 
material c-f -.olids consistency. This statement is not intended to p 
down the functions performed hy mixing equipment in piep. ring ooluti 
hut rather to place th v; ri oun actiors which ’suxing - cuipment is 
capable of bringing to bear in a proper Lelatio'nsliip to the main 
mechanics of dissolving action. In v/liat ways, then* do the actions 
which a mixer is Cc.phale of exerting affect the said main mechanics 
dissolving? The two main omponents of c.ny mixer's actions are:- ^'ir 
the ir'd cing flow for all or some portion of s Kettle's contents 
the attainment tlu-reby of some measure of t rbulence; t-nd , secondly, 
direct mechanical influence upon the portion/s of the chc^rge with v/h 
the mixer is brought into direct contact. The function of the 
condition of turbulence is to pr^vi-ie for . cc ti'-'uou--^, -^enewm-l o' tV 
so 1 ver t -0 f -CO ;.tac t wh th the solute a-'d tl- reby to relieve any tendenc 
towards an h'''’hiT)i ted rate oh '-olution wh^ich '--i ht othervd'^e t rise 


fr.-vm I condition oo Icc.li/e-d sati.fction or n -a r -s a tura ti on of the s-. 
so 1 veri t -of -c ont ^ c t . The service performed 'i y th Hrect y;echaniC'-l i. 
V/}': i c h a i, o r o r d s n r v ■ s to ten d 1 ■ e c a r .. c a 1 1 y 'i e v c e th e s i e 
of th.e solute p rticles ar 1 hence to open a minimuTr, 'Toj- of cf-'tect 
solute to t V\ f? s 1 V e 0 1 i j h s e . 


In .,-v/ 


o. r t’-.r'-.,) . t -^rial in I toil 14, what clai'.os as to o 


1 o X V 1 n . 


e f f > c i e n cy \ be honestly aMVoiJced for a :'!i"-~er of one tyre r 
^^r a-u^t>er v Baled -io'vn to its essentials, t}:e role of uoixing in 
preparing solutions is l.argely comparable to tTie role of mixing in 
promoting cViemical reactions. That to say, the proper interiSity, 
distribution , an'’ "character" of '.nixing action can estobl^sr: the 
solution velocity of any case at ha-n 3 at its own inherent maxiuiuvi 
level but it cannot extend the said velocity beyond its ovrr. inherent 
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'naxiinuni levej^^ The inherent 
the of g. lutinns as a 

>i i'-nens ions to i'Afinite le ■:! ^ 
experience with any p. rticn' 
pre -'3 e t erv;! i n i n fj; t theuiaXi ; 


wo u 1^3 he. In cases where 


hiaxi'fnu'irj n velocity, loohin ; 

•’.ole, inay vary froi:! inf ini tesMc*! 

■ .. o s . wi th no ti • i exc ep t i i r e c t 

r case at han-i bein,'^ capable of use in 
rum possible velocity of a certain soli;' 
? solution velocity coittont is extrv-iorbi; 


arilly hiffri, the response to increast^g in the intensity of inixin;^ 


action provi'iei an-i/or to increase in the intensity of -'UreGt 
mechanical action exerte-i by a mixer and/or, frequently, to impi'ove- 
inents in the distribution of a providei mixing action, except v/here 
such improvements correct a lamentably poor condition of mixing 
distribution, are apt to be incredi'cly small. Instances which are 
characterized by the addition of tjr;e solute in large .-.aTticle -sizes 
and also by si.-jall and ’nedium range solution velocity constants v/ill 
on the otl'.er hao-i , indicate marked iinprovement of solution velocity 
upon the in tTodi;jction into use of rnixers exerting appreciably more 
intense :3irect mechanical action. In either low or ’oigh vebcity 
dissolving operations, increases in the intensity of the mixing whii 
p ro V i d e d a nd /o r imp re vem en t s i n the d i s t ri bu t i o n of a provided mi x i i 
action above a certain modicum which are not acc ompanied by correspf 
incr-^ases and iinproverne.^ts in the intensity of the direct siechanica' 
action cou^ponent of tine proviied mixing action are likely to fail tr 
yield co rrespond ing heightening of solution velocities. In fact, 
the irnproveine.ots in solution velocity which the af orementioned cond. 
v/oul'i be likely to induce might well be of a negligible order. T'ne 
inference is not to be drav/n from the above, hov/ever, that s'-'lution 
velocities are blindly responsive to increases in the intensities ii 
direct mechanical action wdiich a rai"er will exert. In cases vtere f. 
size r.articles characterize the solute upon addition to the solvent 
phase, the ability of even the most intense types of direct mechani< 
action to influence the solution velocity obtaining is likely to be 
highly restricted. Finally, at is well to note the follvro in g: - 
the sa tu'ca tion level of a solvenr for any particular solute remains 
c'^'nstant irrespective of the tp^e and intensit,/ of mixing e^Dployel; 
t'ne velocity of a dissolving action varies point by point along its 
entire c. ’cle , slov/ing down as the saturation level of the solvent 


is approached , aod, hence, where the rireparation of extreiuely 


concentrated or supersaturated solutions is intended, the ability tc 
work marked improvements of the solution velocity beco'ies highly 
res trie ted . 


V/hat r--'le does rnixin • nlav in the thinnin ^ of c as tes ani plas t ic 
The thinning of pastes differs from the dissolving of sc^lids in thai 
while the latter involves the dispersion of a solid to its ultircc^te 
dimensions a'li the disintegration of its soli ds -structure . the form<- 
involves the dispersion (in almost cAl cases) of the solid which is 
distributed in the paste V'hicle only to the level of parti cl e-si. ze 
which the solid already hoi Is in the paste vehicle. The aiechanics c 
8 dissolving action involves as previously noted the neutralizing o- 
the physico-chemical bonds which tie the -ultimate components of the 
solute together, vdiile tl'e mechanics of thinning a paste involw^s t: 
neutralizing by the thinning liquid/s of the physico -chemical bonds 
which tie the t;. rticles of the pajste v--'}iicle together. j'. paste, whi 
-3 a dispersion of a solid or of si'li in a liquid veil if 

up to or approaching the full "wet’.ing'' capacity of the vehicle ( ihu 




- 18 - 


is 1 . ’.vhvire & w^l 3per3 e *1 pLote is , in itself presents, 

f TOTT 2 th e in i X i n p; point o f vi e v/ - n o p r o 'i j 1 . : v;hi c/i is e s •^> e n t i e 1 ly 
i 1 f f e r en t f r o th o t v:h i c K : • ' s e -3 by th e t iii n n i n g o f p 1 b s t i c nu. ter.' 

By pl£>3tic rni. teriels . v?e tt-l -'r here t(' luo tei-ir.ls of b semi-flUid nt 
whose consistency is of an Drier as to assure the absence of ''slu:rtp^ 
propertii^s. Such ■•r]btei'’i als ':':£.y be pure nic^teribls or mixtures. the 
o nly qualification as to the i r co lapo s i t io n being th a t they 6 o ho t 
contain non --ii ssolveo soli is in a state of nispersion. A plastic 
material, as referred to here, may contain soli Is-of solution. Tire 
thinning of a plastic material, like the thinning of a peste , invol: 
the dissipation by a thinning liquid /s o f the p h ys i c o « che?ni c a 1 bo n d : 
Y/hich tie the ultimate components of a semi-fluid mass together. TI 
prime components of all mixing action, the induction of flow and 
the exertion of direct mechanical action on a charge or a portion 
therei''f , bears a relationship to the main mechanics of thinning 
identical to that whicVi it bears to tire main mechanics of dJ.ssolvxn- 
actions. Thc^t is, the generalized induction of a condition of 
turbulence tends to counteract the condition of localized saturatior 
of the triinning liquid whic^ would otherwise occur in a stagnant vui/ 
v/hile the function of direct mechanical action is to expose a maximr 
area of the raaterial to be thinned to tlie material v/hich is doing tl 
thinning. 


1 nv JO 


• . ^n vie w of th e ^-rd: e r i a 1 in I tar. 16 , wha t c 1 ai ws a s to nro ba bl e e f f c i ». 

in thinning operations v.w be honestly advanced for mixers of one tv'p'e 
or make or another? V/hile the thinning of pastes and plastic materi 
and the dissolving of solids differ somewhat in basic mechanics , tht 
fact that both involve a neutralising by a liquid phase of the pays ic 
chemical bonds tying the ultimate covnpo'nentr of at least one co nstil 
of the dispersed phase as the main mode of operation tends to relbtc 
both operations sufficiently so that almost ell of what has been sel 
forth under Item 15 applies to the subji.‘ct query. The only statmeni 
under Item 15 to which a qualifi cation must be made in order to ad a} 
the material of that section as a v/hole to the above -stated questioi 
the following:-nanely , the statement dealin^gwith those instances ir 
solving operations in which fine parti cles -si ze solids are added to 
solvent phase. Obviously, the very character of materials of paste 
plastic consistency stands as c complete obstacle to the addition of 
such materials in a fine particle-size. Hence tVie qualification on 
the effect of direct mechanical action by mixers which was ^ipade in 
connection with dissolving operatons in v;hich fine particle -si ze 
solids are dissolved cannot be applied to the thinning of pastes and 
plastic materials. The inability to admit this limitation on the 
influence of direct mechanical action therefore naturally implies tr 
direct mechanical action as af'<^order by mixing equipment is more 
universally effective an speeding up thinning operations than is the 
case with dissolvin • operations. This pronounced responsiveness of 
thinning operations to dorect median ic a 1 action becou'es more 
accentuated as the amount of paste or plastic matt^rial added appio^c 
the saturation limit of the solvent or thinning liquid. In this vein 
it is interesting to note that the more completely the soli ds -con ten 
of a paste approaches the "wetting limit" of the paste vehicle the 
poorer is the solvent penetration of the p^ste and hence the more 
important does the influence of mechanical action by a mixer proper 


becoiije. •' f in tho cusa of t|||k Mc teriols , the poorer 

the ri'jidity the saii plaotic -rnat eria^^the poorer is th* solvent 
penetration of the plastic terial and hence the inor'- important 
does the direct mechanical ucwion of a mincer become. Comparative e: 
mates as to the efficiency o any particular tyT;e of mixer ’-Jay. trie 
rather safely be mode on the basis of the extent to whicli the mixer . 
question exerts a direct mechanical influence. Pinallyt it should 
be asserted that the importance of direct mechanical action not onl; 
increases as trie saturation level the thinninf3 liquid is approve' 
but it also increases v/ith the viscosity of the thinrsing liquid. 
Hov;ever » in the case of thinninj^i operations as 'jd th the case of 
dissolving operations, specific claims as to efficiency cannot be ms 
\vihout direct experience v/ith the thinning operation at hand. 

vrnat role does vnixiny etiuiunoent olay in accelerating the trnasfer 
of heat to or fr^ m heat exchange suTfaces ? To understand the funct^ 
assumed by mixing equipment in accelerating heat transfer it is imps 
to realize firstly the conditic-ns and means vdierehy he-.t is treu-'o""-^-. 
in the complete uhsence of agitation, and, secondly under 'forme of 
Agitation other than that provided by mixing equipment. The tr;. i.-m . 
of heat to or from a liquid mass, regardless of whether agitation i" 
present as an externally produced condition or not, from far as the 
exchange surface is concerned is t. phenomenon which, on both sides r 
the heat exchange surface, involves a transmission, in the most 
immediate sense, of heat to or from filuis of the media in contact 
with the said heat exchan.ge surface. The transmission of heat to ci 
from the mentioned films to the mass of which the film is a portion 
occurs by way of t>ie phenomenon of c-nvection. Convection, simply 
defined, is a phenomenon calling for the diffusion of the 

film portions of the mass of a liquid or a p;as throughout the rest 
of themuss and hence for the diffusion of heat by "mixing*’ the 
hot an-'i the cold portions of the mass, TTow are diffusion currents s 
up In kettles in which liquid masses are present in contact v/ith hei 
exchange surfaces? Convection currents are set up by the localized, 
ins tantaneous changes in the viscosity and iensity of the film port! 
of the liquid mass which arise from the differences in temperature 
levels between the film portions and the rest of the batch. The ofc 
mentioned chang-s in <i'ensity and viscosity set up movement of liquid 
of different density and v seosity ss p-^rt of the tendency of the mi. 
to, op itself, achieve uni forviii ty . In kettles in which no external 
work 13 applied, these convection currents, known as natural 
convection, provide the prirne means whereby uni f'ormi ty of the liqui'’ 
mass with respect to temperature is achieved. On the other hand whe 
tne transfer of heat to or f tC''.’ a liquid i:!ass is accompanied by ii'duc 
flow of liquid as is the case v/here liquids flov/ in heated ducts, pi 
etc. , tVie transfer of heat to or from the liquid mass as a //hole :.3 
actuated by natural convection alone but is aided by turbulence ( wht- 
tux^bulent flow prevails) or oy flow differentials for the various 
liqui'i films (where streamline or laminar flow y-revails ) , In such 
cases, where tl-ie mass velocities for the liquid oisuine a hi p;h order 
magnitude (where the number of pounds of fluid passing per unit of 
cross -sectional area of the duct is quite high) , the extent of 
turbulence or of flow differentials, as the case may be, is correspo 
hi f^h , with the result tnat the extent of "forced convection** i 
also high. Such instiances are characterized by high rates of heat 


trsn^f'Sr • th&t the’ con‘iuctir-n^|k heat thru the heat tror. 

surface au-i trans’fnissicn of heat to^P.e frow the other sine of 

the heat exchan^^e surface oo-s not lirnit the overall transfer of h 
I'ixing as es tablishan by no? .a I lioyiii equipiaent introduces 

an expen>i iture of enerf^y i ' "* the liqui d inass 'nuch as in tht’ fashi . 
of the ener.qy v/hich is expended in es tabl-shini^ high mass velocitiv 
in a duct against the total resistance heads \*/hich such high mass ■ 
ocities entail., and, hence, establish a similar condition of ’*forc- 
convection” . 

In vie'W of the m aterial in Item IS, vfnat claitris may honestly be 
advanced in support of one piece of inlxinr^ eauipiaent or another as 
>meen3 of accelerating heat transfer? Three basic items enter into 
determining the ma,gnitude of the overall coefficient of heat transft 
v;hich vrould obtain for exchange of heat across a metallic surface:- 
the efficiency of heat transfer effected by the medium or means on ti 
far side of the exchange surface; conduction thru the metallic surfi 
proper; and, the efficiency of heat transfer, or film coefficient, or 
the batch-side of the exchange surface. These factors are so in ter < 
related so that if any of the named factors is appreciably lower tru 
the other two the overall coefficient as a whole is dragged down to 
level of the lowest factor. For almost all metals of fabrication nc 
mally used and for such thickness of trose metals as are normally 
employed, the ’'metal film” would never constitute the ''drag” in 
determinin'g the magnitude of the overall coefficient of heat transfc 
V.here the far-side of the heat exchange surface is heated principal] 
by radiation (i,e, where the far -side acts as e partial "black body* 
absorbing heat from a refractory v;all , etc.) or is heated by being 
in direct or baffled contact vath a flame, we are privileged to assi 
that if the furnace, in the first case, is properly designed or if 
the design of the burner and its use is proper, in the latter case, 
^ar-side of the heat transfer surface will not act as a "drag” in z} 
afo reraen ti oned sense. V/liere the far-side of the heat exchange surfi 
is in contact with most normally used heat transfer vapors (i.e. stc 
7)OY/therm » mercury) . the far-side efficiency will not act as the "dtn 
since the variation of tine given vapor film coefficients with 
variations in masfi -velo ci ty is not of such an order as to account 
the limitations in heat transfer which normally attend the transfer 
heat in agitated kettles. On the other hand* where liquid phase hOe 
exchange media are employed (such as hot or cold water, brine, oil. 
the range of mass -velocities which ^re attained for these raedia -n 
most jacket and internal coil ins tallations are of an order of 
magnitude as to definitely restrain the value of the overall coeffit. 
of heat transfer to moderate or lev/ limits. Dealing lastly with the 
film coefficients attaioifJ for batch-side of heat exchange surfaces 
in mixing kettles, we may most decidedly say that it is this aspect 
which in most cases exerts the most restraining influence in de terms 
ing the value of the overall coefficient of heat transfer, since un^ 
noTmal mixing intensi ti &''• {‘i.e. un«1er those intensities of mixing vd 
are mechanically and economically feasible) the condition of "forcec 
convection” which is set up barely approaches the limits v/hich are 
required for high film coefficients. To be sure, the value for the 


bci tch- 3 i'ie coeff icier) t unner ygitbti^i will usually be ieci'ied. 

hi.^hev for proper in tens! ties of agi ta tii^r than is th:' case for non 
a gi t a t e S'] batches# the sh a r pn e 6 of the -I i f f e r e n c e b e i n g rrio re ina rke <1 
the viscosity of the agitate, -libss increases* But# re.luced .to 
essentials# v/ill different •’g of agitators in-iuce rates of heat 
transfer which v/ill differ fra* one another appreciable? AssurfJing 
equivalent qualities of inixing distribution and reasonably siriilar 
intensities of work-input into a mixing kettle, the film coefficients v/hich 
would be obtained would not vary significantly from one another. Analyzing the. 
background which underlies the aforegiven statement, the reasons for its validity 
become apparent. As v;6S previously set forth, the prime components of a mixer's 
action are:- firstly, the induction of flov/ and, thereby, of some condition of 
turbulence; and, secondly, the exertion of a direct mechanical action upon those 
portions of the charge with which the mixer is brought into contact. Though 
mixers will vaiy considerably in the proportions of their work-requirement which 
v/ill go to the exertion of a direct mechanical action, the principal component 
of the activity of almost all types of mixers which are inserted into nixing 
kettles is the induction of flov/ in the liquid batch. Regardless of the type 
and direction/s of flow which such mixers set up, the extent of flow which is 
established, and hence the degree of turbulence v/hich obtains assuming equivalent 
distribution of the provided mixing action, will, under identical kettle conditio 
bear a strict relationship to the amount of v/jrk-input which goes into circulstin 
liquid. V*here random flow obtains, as is the case v/ith ell equipment in which 
draft- tubes and/or directive baffles of special types are not employed, the 
efficiency of translation of Drive energy to circulation, and, therefore, if as 
stated above the principal component of most mixer's activity is the induction of 
flow, under reasonably equivalent intensities of work-input the conditions of 
turbulence which are created v,'ill remain similarly equivalent. Apropos of such 
differences in actual translation of work-requirement to circulation as do 
exist for certain mixers in consequence of the proportion of work which goes 
into direct mechanical action by the mixer and apropos of the purposes which 
msy be served by indulging in comparatively small increases in the intensity 
of mixing action (v/here intensity is measured in terms of Drive horsepov-er per 
unit of vobune of batch) , it is well to note that:- firstly, the eff iciency 
with Y?hich Drive energy is translated into circulation is of a very low order; 
and since the response in terms of increases of film coefficients to increases 
in circulation is not a linear one but one following a fractional power value 
of the rate of circulation' induced, neither the normal differences in circulation- 
translation of most mixers at equivalent work-input levels nor the somey/hat 
larger differences as to work-input level which may be resorted to while still 
holding to levels consistent with economical expenditure of energy will result 
in appreciable influence on the rates of heat transfer effected so long as the 
originally employed intensity of work-input is of a magnitude sufficient to 
establish at least a modicum cf turbulence. As regards the previously voiced 
comment that the influence of agitation is most marked in improving the 
condition of heat transfer over those instances in which no agitation is employed 
where vviscouvS liquids -.re dealt with, it might be well to note here that 
similarly startling improvements in the rate of heat transfer effected may be 
worked in cases where "build-ups" of scale, crystals, or plastic substances on 
heat transfer surfaces are produced and where scraper type agitators are employed 
to remove the said "build-ups", finally, it should be added that directionalized 
mixing as produced by the influence of directive baffles and dr^ ft- tubes will 
frequently produce more pronounced effects than will rather drastic increases 
in the rates of circulation Induced. 



20 . What fun cttans can mixlnp; ^ ' oment perfonr) in conditioning cr y^ tallizatiofi 
operatln^.s ? In order to this subject, it is i-uportr-int to define 

what can be meant by ’’conai 1 ;aing a crystallization". Crystallization 
operations are frequently characterized by e desire to obtain crystals 
having a certain size and structure. The factors which can, in the most 
immediate sense, exert an influence on crystal size and structure are:- 
the rate of production of crystals; the introduction of "seeds" or cores 
about v-hich a crystal will form; the extent of secondary or direce 
mechanical action which is brought to bear on the liquid mass in which the 
crystals ere suspended; and the chemical characteristics of the solution 
from which the crystals are tnrovai out. The rate of ciystal production, 
based as it is upon the varying degree of solubility of a solute in a 
solvent at various temperatures and based as it is upon the removal or 
input of the heat of crystallization from or into the ciystallization 
system, is capable of being translated into terms of heat transfer. A 
mixer may therefore condition a ciys tallization to the extent th-'t it 
Influences the conditions of heat transfer* "Seeds" or cores ere riarticles 
present in the solution prior to crystallization proper which act as 
surfaces or focal points for crystal growth during crystallization. That 
is to say, the crystals which are formed elect to grov; around the provided 
"seeds", and, hence, the "seeds" form the foundations for crystals. There 
are two ways in which "seed" may be introduced into a crystallization syster 
firstly, by addition prior to beginning the actual crystallization operatioi 
the added "seeds" constituting a super saturation of the existing crystalllz? 
solution; and, secondly, by forming as p^rt of the original procedure of 
placing the solute in solution a supersaturated solution of the solute. 

A mixer may therefore condition a crystallization to the extent thst it 
either performs the distribution of a ”SGeds"-addition or that it prepares 
the condition of supersaturction upon which the presence of "seeds” may 
be predicated. A mixer may furthermore condition a crystallization to the 
extent that it combines a sufficient condition of circulation of the formed 
crystals, if that is desired, or that C')ndltion of agitation which is 
turned to the degree of mechanical breaking down of the crystals that can 
be tolerated; or to the extent that it provides for a circulation of the 
solution while at the same time allowing the settling of formed crystals 
(that is, the settling of crystals which have attained a certain pre-determ 
growth); or to the extent that the mixer provides for the removal of 
crystal-growth from heat exchange surfaces. Finally, a mixer may. condition 
a crystallization operation to the extent that it provides for the distriou^ 
of agents whose purpose it is t-o alter or affect the chemical characteristi ; 
of the solution from which the crystals are thrown out. 

‘ V'hy i s it imrortant to know the specific gravity or density of solid s 
yvhichmay be added in lioulds i n mixing opera t ions, and , also, the star t ing 
mean particle-size of the sai d added solids? Unless very special cjnditioru 
obtain and it ii: distinctly desi'^ed tha.n. an added solid be kept either 
floating on the surface of the liquid phase or settled at the bottom 
of a tank, the density or specific gravity end the start mean particle-size 
of the solid -would determine whether the mate rial would have a tendency to 
float (i.e. the specific gravity of the m'lterial would determine this 
possibility) or whether the material would tend to settle, and if so, 
at what rate the particles vfould tend to settle (i.e. the specific gravity 
and particle-size of the added solids would determine not only the possibil- 
of settling but the rate of settling in stagnant water — or any other fluid— 
as well) . Knov/ing the starting particle-size of the added solids would 


f u r t h e I’L'i o r e "b 1 i a h t h r r c •> '. : a 1)1 e e f f e c - c’ s 8 of the d e >);i' e e of o 

’•ecbarical c-c^^or of hii-r r y;hich 've provids for any Bolid 

liQiiid i.iixiripj 8 ster.! rt hcin-'. In can<’G where d.irect inechanic^^l act 
on added solids is desira'olc . aiid pcjtticulaYl v v/here special tnoiif* 
ications of normal mixers : employed in which rotor-to stator rel. 
ships aie set, it is also a’^'rsable to have some hnow/led^re of the 
hardness of the added solids, CDvioasl.\', the hardness of an added 
solid v/ould have a considerahle hearir.p^ on the prona''ole ef f ectiv en e^ 
of snch direct mechanical action as \'-e mi-ht he ahle to pi'ovide. 
Determininpj whether there would e^-'ist any f^^eat tendency towards flc 
for any solid at hand or a hif-^:h rate of s^. ttlj.ng would, of course, 1 
essential not only i^i selecting a pi'oper type of mixer to counterac' 
either of the said te/ >000100 hut 'ould as well entei into consider- 
ation with regard to the possible use of “directionalizirig” or mixin/ 
or accentuation of mixing actions thru the use of directive baffles 
or draft-tubes. 


■Abi at hearinr can 
viscosity i n lie. 


an appreciable differences in the specific gravi 
iquids have in tV-.e desi.vr! and selection of mixin 


the job of achieving dispersion more difficult, include:- uoor 
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specific ps^h^ity or alone, the retarding effects on the speed, and. 
fi'equently effectiveness of di ',persion wh- ch are entailed in consequ 
of Ihesaid differences in viscosity may be counteracted by emplovin. 
a iaaximum of direct mechanical action on the viscous charge. 


i>^y_ ,i P., . , jyt, i , Jd t to n_e informed as to J-'h_e_yh^ejr^ i_t is .in tended to 

j-htroduce gases durj.ng mi>an^~ pe ra't^ions*^ the feed- 

pressuTe for tho phases V)e noted in such irsbanedsy The tendency of 
gases to rise and escape rapidly when introduced into liquids is 
almost alv/ays an undesirable feature o-^ such operations. •.There gas ■ 
liquid reactions, the nissolvijig of gases, aarations. flotations, 
and many other gas-liquid mi>aTg operations are involved, the rapid 
escape of introduced gases tends to reduce the speed of the operatic 
involved as well as rea^ult in poor efficiencies. The measures v.h - ch 
may be adopted to counteract the ranid escar.e of peses (SEE SECTION 
HAhhAL V^ianH ’7ITK GA'^ Llq' I?> llIXIhG 6 pEP:aTI:.]- 3 ) include: 

introducing the gases ^t optimum locales with respect t' the mixing 
equipment; proper "directionali zing'* of the provided mixing action;" 
and. employing distributor rings, pipes, etc. of optimum design, Th 
proper combining and use of th:’ separi>te co steT actions thus nominate 
has the effect of reducing the bubble-aiye to wh.ch the gasiis 
dispersed to a jf-inimum . maintaining the path of travel fo\- the gas 
in escaping at a 'Maximum; and, assures the widest possible distrib’Ut 
for the gas throughout the liquid phaSr-. deducing th- bubble -siz s 
which a ca.s is d in tr ibuted iLas , of course, the tendeic-.’ to lessen th 
buoyont” lift rf the ga", V-Tiy is the nomination of the available 


f eefl-prasnure ^^)ortcint? \Vhore certain of* gas -intro f^ucti on ort 

desired* three ^actors are of priwe iwpoi t^^ce i ^ the nacic -pressure a: 
which the gas inus t he fedj th. «■> diarieter rf pipe v/hich is e^nployeo to 
lead th.e gas as well as the r.iure an i tvr.e of the difSuger orifices; 
and the feed-pressure. The r...-n components of th.- hack-pressure aga: 
which the gas must he fed a' the static head of liquid above the 
trj.hution level; and the total gos a.d/or vapor pressure arove the 
liquid level. The diameter o^ the pip*^" hoiog used and the amount of 
gas being fed. as well an the physical characteristics of the fed gas 
lietermine the frictional head against which the feod-source ^ivust opei 
the distrihutor ?.iemher itself contrihutes towards the frictional imp<. 
to flow. The difference lu tv/ee ' the teed -pres sure and the total oach 
pressure, in turn, defines the “flov; potential" across the lead -pipe 
and distrihutor asserfoly as a -whole. It nu{d^.t v/all he noted that 
inadequate design of the lead-pipe and the cii sir ihutor , from the star 
point of the tetal frictional head whicn a had desig;. uiight entail, 
will not only restrict the amount of gas which will he passed hy the 
said assembly, if the feed -pressure is of a sufficiently low order, 
hut it will frequently redound to:- 

1. vhiere non -positive typos of as " " squij 

such as Mowers, fans, etc. are used, will result in either 
a sharp reduction of the "propelling" capacity or .In an ovt 
loading of the "propeller's" Drive 

h. v/here positive types of ous "propelling" equipment is used 
such as reciprocal coi^ipres nors , etc. , result in either 
CO .-sin erahle "idling" of the equipiaent ♦ or, if no overload! 
safeguards are provided for the equipment, stall the same. 



'*-/hat hearing does th-^ f' v i ihture ha^^e or the rower 

cons uifiO d hy a ni r ? and w) : ; ' V In rotary t\pes of mixinr; equiemer'' 
with which we are treating- here, the effect of viscosity may best 
he appreciated hy defining tr.e jjeaning of the -ord ir. its simplest 
aspects:- A liepid's viscosity is internal f ri c ti on ; - the 

frictioniil resistance which one i-.rt of the liquid offers to motion 
hy anotiierpar t. IVhat does this mean? >vs previously explained, the 
rna.in function wlaoh mixers of the type which are used in connection 
with r:gitr, ling contents of c vessel perform is tliai of inducing 

flow of all or r>05i)e part of the vessel’s contents, creating as a 
function of the relatively randoai flow- v:hich they induce a conditior 
turbulence wh.ich. in the best ms tanev^. . is transmi tted trirouglio -t i 
ves'-.el’s contents. ’'l.e anility uo trciosii-it - r vadiato turbulence ft 
the imnnediate scope of the mixer's action to the outermost rep-ions 
the -vessel, if we discount the impedance vhirch poor kettle desig oi 


internal ha^'fling suructuies tends to induce. Vi-.-ries inversely witi: 
ability of the mixed liq^Md batcln as a -.'hole to resist its own flow: 
portions, that is, the abilit’’ to tre^nsmit turbulence varies invt-rst 
with the 1 i qu :v?3 v. scosity. "'ut thc.t is not all. ’ ost ftequer'tly i 
high viscosity may an well be associ. ted with a high and tenacious 
cling of the puriX-Jheral portions of the mass to the vessel structure 
itself as well as th a tenacious gt- ip ping of structures inside 
the ves el. This '"irm grippi'-gg of the ve cel wall and structures 


not only the fr^ener&l procesn whet-ci^ tuthulence is crei;ted 

DU t v/i 11 o s vie Sr resist the t e 1 ^ t i v e'jio t i r rSPi thin itself of •. u ch u eifi < 
t.s ..gitc-tor rc’tors. In view of th-'se consi!'! er l ti ons . the effect of 
high, viscosities is to increco. f the suiount of power required to 
esteolish the levels tur . :ce v'hich c.re equivijlent in j^jixing oCt 
to those which ^re set up in u-^e of l.^quid.3 with lowei* velocitie 

c.nd , also# to require c greatt-r auiount of ^.ower in order to estahlish 
rotes of Kfotion for theagitator rneiBbers proper which are cciT)par&hle 
to those set up in less viscous materials. 
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liATERIAL FOUl^D lU liVOODEK BOX 
IH BASEMENT OF GOLD’S HGIL 


'The above material, v/hicly vias contained in a manila 
The Hendric’.: Co’s I.Yiterial on Lixirib". (B says t 
his Y*ork),” v;as shovm to GOLD on June 22, 1950. 


folder entitled 
hat this is also 


j 


Contained in this folder are tYJenty-five (25) typewritten pages entitled 
"Questions and Ansviers Re the Liquid Mixing Data Sheet. " GOLD advised that 
this was part of the data which EROTKTOU' gave GOLD on mixing data, vihich 
was to he turned over to the Soviet Union. GOLD is of the opinion that the 
reason he still has this material is that it was supplanted by a revised report. 
He stated tliat it was about September 19l2 that FKCTfII.'AH gave him this material. 
GOLD is of the opinion that this material might have been shown to SA^. be- 
cause of GOLD’S handprinting on the front stating that this was also SROTH- 
LA5‘j’s work. 


Exhibit 65-a307-lB-12 (u) - Folder //ll 

^ . 

MATERIAL J’OUMD IM V.OODSh BOX 

U rASSLL^fT OF COLO’S YO: E 


This too was shovm to COLD on liixy 22, 1950 and the material was in a manila 
folder entitled "3. B's i.ork (not yet coiivlete) . 


GOLD advised that this was para of the ciaua in folder ^ 0 a.ov^c and was also 
given to hi::* by rRunC Ah, gossi'^ly at a difieront timO;, for subiiiission to the 
Soviet L'nion, GOLD is of the opinion that the not:.uion that the v^ork is not 
completed ie the reason that it is still in Viic poetess ion and was maintained 
by him 7:hen BRO'TIL'AH gave him a final report on nixin'.' crla \'hich supplanted this, 
as w'cll as tne material in folder 7/B. 


’.Lie material in folder &dl runs from page 29 tirrougn gage pi and is entitled 
"Gas - Liquid tlixing Operations." 

TSLhas (?*'• 

65-l;307 ’ 


■’0r-it^TkA~U, 
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G/iS-Licuir Txr;^G opfka 


The f.b sorption of a gas/es by or the rcr -T.jn oX’ r g- o/es v.ith liquids for tho «:b;3orrti 
by or reaction v i th mi. b e r i n Is i [ i s oIm 1 1 o . . In 1 i :qi 1 d r; ) d epe nu s o r ; - 


1. tne ability -)f tne gas/es to diseolve in the li'uld in ’.-.hich the gsa is 
distributed 


2. the time of actual contact estsblisiieu oetveen tne dietribiuted gfs and the 
liouid in v.hich it is diencrseci 


tile are"' of contact estaolished betveen the gas/es and the li. uld nhaae 


Ta'^lng e"cn of t.io aoove-iV.med major factors in torn, they may be redaced to the 
follo'.'ing more primary conditions:- 


The ability of a gas to dissolve in a liquid in v.hich it is dispersed is controlled by:- 


c, the presbure or. r-rti^l pre.'jburc vhich the gcs exci ts (Kerry's Lav;) 


b, the te.iiporatarc jf the gas and the lie. aid phf-ses 


c, tne size of bubble to yiiich the is distributee (i.e. th- 'ret of contc ct 

oetreen the grs avjd liquid priases) 


The fclnp.bed ti:ne of contact betv.een a distTibuted gna-; article jf bubble end Mie li^-uid 
in vvhloh it is distributed is controlled by;- 


a, the viscosity of the- liquid in v.hich the g' C uistrieuted 


b, the lielgiit oX 11. 'uid ihrougi* vuich the gas bubole rust ’’^•Ise in escaoinr 


c. the nui 


P'- tr. tb: o_J: ihiich the ges-bubole must ti'avel in cscrplng 


Tia; arf-a of contact '• uLcu is estsblistied in a gas-liquici cispt.rslon Is controlled by:- 


a. tho degree of dii-ect .Tiecnanica’! acti by the mixer ele.menti; proper tu 't.ich 
the gss-bubble is subjected during its introducii :>r .snd stay in the llcuib 


b. tiie degree of t’..rb ilc nee vhich exists' i.n the liquid ph"se in causiequr-uce of 
thp mi-ving acti^u/'o pi*ovLded, ana, roriC*:., tr.-a extent "hich the bubole 
is con tluu'ously "Druiseii” oy the liquid ch-re (firing lit st" ' in the 11 ' vie 


Tne importabce r coutlauous application of sh-rrv.y Is sbv^ys ^ Xn vie? 

of the tendency of colliding i- Jor-ley to coalesce a. id ience redu'^e the e. fectlve <■ -^c" 
cui.tact betv eeti the g'... •: nd IL-. lih } h:s£'s. It of pr'lme ir ortc nee th- 1 is, of 


evo’: gre' lor im-^orta oce '..nere liie or jt. act "I the aosorptl of the res or r)! she ra?a|y 


■ ill) the g'"S 1 .- a llquio, hlcn because of Its viscvnlty or it-'- iiy , -t, ' 


diffuse poorly In Ih"- Vi- jid- jf-disti i’o ution, .ir here the prof.uct is - soli'", "hich 
bec-vase >1' the extent of its extent of soluoilLty or its inh"-* ccj'- r' tc of ::'Uluti-)n, 
te.oon to "hut” th. r'ii : th- v il'. t /Icl-oIvc- - l h ooii et It Is forrevi. 


In viev ;>r the ••''DTrc, 
fixing oper-' tion v.hri- 


'.'■‘h ir int- 


• ccr : o! c prv lee 


lo: JT- j . 1 )r: o: 


it ic C'f'i 


.Tiin.imu.;. OC';: 


1. Lt mu::t establish a .rtaxirauic c.jnul l.ion ol tarouler.ce for the gf.s-liquid mixture 


it should involve the location of the point/s of gac-cUf fusion or Introduction 
as cloncly j-s po;. . I- '» r , ; .J’.'hp ir.c mixer's action, to the locale 

of the mixing unit proper so es to accomplish the g-^F-distribution at the 
scene of most intense mixing action. The prcctlcollty of this suggestion v.lil 
seem most ressonable If It is rjo!.i.d thet the zones in the inixediate vicinity 
of the mixer proper 're the regions of highest fluid ve" :)city, and hence 
diffusion in such s zone necessnrllly entaiis the v. Idest possible distribution 
through the liquid batch of the gas and also o maximini subjection of the ges 
lioaid mixture to "turbulents effects" 


3, the mixing assembly should involve, if possible, th- diffusion or Introduction 
of gos in 0 stre?:*:;] p^assln:’ thru the mixer elements proper as s re? ns of bringir 
a maximum of direct mechonieg]. action to beat' on tne introduced gas 


the path of travel of the liquid phase, and i-hr goo vhlch is litrocii^ed ii tu 
It, shoi-1' be so directlcnallzed Oy directive baffles, or draft-tubes, or by 


reason of the mixer’s ovao mode of flow-induction ^'-s to assure- a maximum path 
of travel for the gas prior to es capping, so ss to assure the most tortuous 
Ttossiclc- ‘nil, ti-nvcl f r the gas-bubbles 


5. r;herever, possible, the above- cited effects should be sugmented by means for 
re-inlroduclng the "stagnant'- portions of the introduced gas vhlch collects 
above tie lif uid level be:*’.: Into the 1 leu id 


rrr t-TjBei; /^-'b tki biCTiOh ok dipuctivt baffifs u pe the of 

G.Ag-LICOID 'iTXIMG 




T TL'lPO FT/i^n' G,'' C-LrC([T D ?, '!T XT::(^^.':igLI”g 


TlriG nu'Tjbcr I'i/ici r*l.tlr 'yj nf' q mlxxn^ LoriS vi-tb v.h.icti one gx^ 6Co 

to ir.eet fre, in the last analysis, virtually limitlssb. It is tnerefore quite impossibl 
to go into nn exhaustive listing of the sene. The follov ing ore, hov.cver, either hrv'^ 
cl'’u h if ice ti.jui cf gas-licuid operations v.hich are fairly common as broad groupings, or 
specific operations en.joying a v-lde useage:- 


Hy d r o g e.na 1 1 o ns : - are processes in which organic substances which are unsaturated 

7i.e7 vl^'ch dirnoi c.-ntsiu tlu-. meximuin number of hydrogen atoms which they ere capable 
of containing in their structure) are reacted with, or saturated v^ith, hydrogen. 
Hydrogenations usually take place in the presence of catalysts. Nickel, copper, and 
platinum, hut most lu-n.jjly nickel, have been used as hydrogenation catalysts. The 
most commonly known instances of hydrogenation include: the hydroge 'Stion of oils form 
shortenings; the nydrogena tlon of dyestuffs; and 'the hydrogenation of unseturat'^o 
fatty '•'■■ids 


.yp); are processes in v.-hlch orge.nic or iirorganic materials are de-oxidired. 

The most common instances of reductions include:- instances here oxides of metals 
are brought down from one stage of oxidation to enothv'^ or '.here .)xL<ie^ )f rctals are 
destroyed to regain the ,.ive metal itself; insta.nces vhere organic acids are reduced 
to aldehydes, or to alcohols, or to the corresponding hydrocarbon to which they are 
related; and, instances In ”'hich organic mcterlslc called N-t,V;,r-,E • ti' reduced or brough-f 
oGck to secondary alcohols. Reducing agents include a wide vpiety of agents for 
accomplishing the same, hydrogen being one of the most widely used of these. Reductions 
ir;volving hydrogen as the reducing agent ■ ic v idelv rut ath in the I'ield, and cons ti tut 
a common gas-lieu id reaction. The reduction may, in some cases, involve, where the 
reduction takes place in a gas-licuid system, not the liquid in v.hich it is disi-orsed 
directly but some materiel '-.hlch is ^^-..-pe-uf^d oi dissolved in the liquid 


Oxidatio ns;- are processes in which materials, either organic or inorganic, are reacted 
V, itn -■■ ir, or oxygen, or osone for the purpose of introducing ooi^^gen into the structure 
of e compound, or for the ^urp.u-e of uniting an element with oxygen, or for the purpose 
of decreasing the hydrogen content of a compound, or for the yiurpose- of increasing tne 
oxygen content of a compound. The refaction when sir is used as the oxidiring agent is 
vith the oxygen co.mp:)nr;nt of the 'air. Oxidations may involve the use of oxidation 
agents other than those named above, but the most co.mmon form of gas-liquid reactions 
v.hich are oxidations do use the agents listed in the definition given above. Ixidatioru- 
■■’re cswmon to ill branches of industrial chemistry 


Aerations :- are processes in which air is introduced into a liquid most usually for the 
purpose 'f volatilizing low boiling point materials contsined. in the liquid, or for the 
purpose :)f feeding to bilogicsl organisms contained in the liquid. Oxidations 
using air and aerations may be distinguished from one another most usually in that 
either the letter involves a purely physical phenomenon rather than a chemical one or in 
that, oven if ?. chon i cal or biochemical reaction is involved, the primary purpose of the 
introduction of air Ls the satisfaction of a ’’biological demand" 


# . . A 

"uiphona tirns : - a : 'en ir •'.■iich eithe. ^ t x,. 

certv^ted"^phurio c<cir3 , sulphur trioxirje. or (.ny c ; rr.oir c:.t ion etc 

rroinf: ove -;o,.ctod wi tri rz . oic < 2 \b eric^ls of rhe unse turo type 

(I'TO:''*": see section above on h 3 ? oge nation fovief ini tion of unsaturatio 
for the nurppse of forwinp ^--n acoiti on compoun't netv/een the unsa tu ratec ^ 
or-anic an.3\s ulrhuri c ocin. -uch n Iphonel. i .roducts are frequently 
in \he manufacture of detergents .U) in various fields of organic synthe^ 
where the sulphonated p re- duct is -commonly regarded and proouced as a 
reactive int.^rmediata stage in a rynth^-sis sequence. ^'ost usually# _ _ 
s ulphoni- 1 i Ti g agent'"> of the lio^uid type (i.e. concentrated sulphi^ ucio , 
fuming sulphuric and similar liquid agents) ar- employed. ho^Vr^ver , the ; 
of sulphur trioxide gas alone as a sulphonating a,.-x-r;t » ^^here the organic 
compound contai ns liberal aaiounts of ''■?jateT » is a t airly cuitimon procedure-. 


Halogenationsj.- are processes in which chlorine# or ito cheirdcal family 
m em l^e r s - — - Vro mi n e # flourine »and iodine# are reoCtc?d with organic ma ta ria^ 
f'-r the purpose of l>ringing a halogen atom/s into the structure of the 
organic. The mechanics v/hereby the halogen atom/s are brought into the 
structure of the organic may include:- either# substitution---v;hich as a 
tevTO describes a method v/hereby the halogen replaces h.'/drogen atoins in tt 
structure of an organic; and/or ..dd i tin n--- which as a term describes a 
method whereby the halogen a torn/s saturcites unsaturated organic compounoj: 
TiThere th.e halogen is reacted, with a satirated organic compound, the inechar 
of the halogenation is substitution. hh.ere the halC'gen is reacted with 
as unsaturat-'d organic material# the mechanic^--; of the hahgenalion may 
include both substitution and addition# temperature and the use of catal’ 
determining the precise extent of each of the aforemen toned basic methodr 
prevails or vV^-n whether one or the other ceases to exist as a factor in 
the case at hand, Chlorina ti ons and bro>r]inations # as instances of 

halogenations # are gas-liquid reactions where the material to be halo- 
gyneted is a liquid or is Ussolv^-d or dispersed in a liquid. lodinatio: 

another instance of halogenations. may either be, if the iiu.terial t*- 
be iodinated is a liquid or dispersed in a liquid, instances of liquid - 
liquid reactirno ai so li'3 -liq.-'i-3 reactions, hjpen'ling upon the t emp»eTa ta 
at vr ich the mixing operation takes place. Reactions of liquids and/or 
solutions in the ir.o rgani c /i eld •';i th chlorine ar-d iTomine are common 
instc.nces of gas-liquid reactior-s » b>.t# strictly speaxing, may not oe 
considered halogenations, since the term halogenaiion is peculit.r to the 
field of organic chemistry. I'.owevet, whether the gc> -liquid mixhg ot ’ a. 
operation i r vo 1 v e s 1 o ge na ti o n or a aoi x i rg of a n i no r gani c m a te r i al '"d t) 
chlorine and/or bromine it should be carefully noted that tiie corrosin 
problem, for most commrn in terials of constiuction of mirir," equipment , 
where wet (water -wot) conditions r revail is of s ucii an oi'der as to 
require subuji scion of all the facts at h.and on the operation to the Hotiie 
Office for th.eir r ecomiiiernia tions as to th-* pro-er material of fabricatior 


'Plowing of Oils :- are processes in which air is introduced into vegetabl 
i.nd animal oils (linse-d, I'ei'illa . Ohinawc-od as tl.e most comhu-n instances 
of vegetable oils used, and herring oil as the most common instance of 
an animal oil) for' tiu- purpose of obtaining a product raving certain 
"y/etting" properties, fr>r the purpose of obt^iniriv; a v'Toduct having c^rt^ 
vi'-.cosity cVu.racterx sties , and certain properties of chemical stability. 
Though blown oils are widelv used in the manufacture of linoleum, pajn’ts. 
vainishos , and ms rl a tirns , very little is xnown of the eXt^ct chemistry 


the oDer&fi^^^ Q,uali tti tiv-‘ly , it is kr^jn th.'it th-' hlov/irg of oil 
entails two rhenoriii^K : - firr^itly, n oxi^h-tion^^bno # secnroly# a 
polyineri ?:s tion • The propovtions oy relative gni t’jsies vhich f^'ese hanic 
phenoviena hear to ore another viv.y • vai'i ’d thrc'Ugh the use of:- oifferer 
t en'pera tiiren f3uring th-' blov^ing rr. rat ion; l.y controlling th - unt 'f 
e^terinr tie o 1 to or tain levels; ‘-y ir terspersin; ; ■blowi'''g pr>riods (peri 
luring which air is introriucsl) vd th resting periods (periods during rdch 
the oil is allowed to "vegetate" under trie inflU'^nce of heat alone. The 
extent to v;h'-ch pol \nnerizati on or o:ridation prevails in the oil processin 
opera ti on deterinin es the physical and chei'iical nronerties of Die produced 
oil. 


a s ~ a c r u bbi n g : - are processes in v#hdch c^ne or nio re gases present in a 
mixture of gases is elimenate.! from th-’ ’fiixtame of gases. Passing the 
]t?ixl.uT:e of gase"; tr.ropgh pure liqui'’5, solutions, suspensions of solids 
in liquids, or thorough "banks" of "active" solids alone form the basis of 
ail gas -scrubVdng operations. Pas h ng the mixture of gases through liqui 
s vs terns of one type or another or bringing them into contact v/ith liq.dd 
sprays are the means which re most usually et-iployti in gas -s Grubbing. It 
should be noted in connection v.d th the above th- 1 operations irvolviri'’!' tV: 
Te:..’Oval of entrainod liquids or solids in gases arealso fretiuently refett 
to as scrubbing operations. Such irsl:.ance5 are also subject to tbr,' counter 
vu-ich have been irude a'iove, Por th-- cases of gas-li-.uid scrubbing system 
the mechanics whereby scrubbing is rC'nieved may be an; one or ccmbinotion 
0 '^ th('se noted below:'- 


1, a gas /es , anf/or c 3 olid/s -o f -en trainmen! , .end/or l liquis/s-ot- 
entrainment may i'e eliininated from a gaseous-stream by obsorptio' 
(i.e. clinyinc) on an "active-surface" soli: which is suspen^ied 
in liquid, Gystmes relying in Ur^it or in full upon this type 
of' motivatif'n for ■^cT'ubbing irvolve Uiost ■•'recn: en tly gas-liquid 
’nixing of the type which we treat vAh 


2. a gas/ea* ^'-’/ot c. solid/s-of e'trairr.i- .'t/ oud/or a 1 iquid/^s -o 

ertrsinment may be elirninat-d from a yas eous tream by a che’:ic;' 
rcvjction o-' the iforeSc-i’ materials ’'dth a liquid reagent, or 
with a solution o-^^a reagent, or with a suspension of a reagent. 
■Rquipment based upon this pri;-iciple of operation either i.rincipal 
or in full may be of either of two basic types:- v/here large voli 
of ofcin are being handl-:’d , sptmvy chamber or to’rers will bo ernplo- 
and, where low to medium rat-s of .-^as -hand 1 ing are edit'd for, ei 
me'-t of the type which we v;oulii furnish is used. The one notabl- 
exception to the above-stated rule in re the types of equiiirent 
eji^ployed is the following:- v/here s GV.>-’nsions ate employed as th 
scrubbing media, tiie use of spray towers is most usually limitei 
suspensions of lov; dry-conterP's , at '*, hence, where s usy^ens ions ol 
high -ry-con ten ts are used , either cascade towers or conventiona] 
equipment of the type which we can furnish are employed 


a gas/- s . and/or a sol i l/s -o f -entrainment , and/or a 
entrainment may be removed from a gaseous stream by 
physical solution in a liquid. Equipment based upon 
of operation either principally or in full may be of 
basic tyx;es : - 7fnere large volumes o-^ ha tiled 


liquid/s -of - 
s trai ghtfo rvn 
this princi; 
either of t- 
» spray cha:!)' 


or tov/ers taro? ua e.i » w'aa'jre 3 ?.Kj 11 to me vol\i:T)e3 of are 

hcindleai , ;i;b3 -liqui equipm^-nt of the which v;e woul.- furnish 

would he used . 

Plue-gas scrubbing is a special i- .:uanct; of the general problem of gas- 
scrubbing and most frequent Ip” inYol”-;es the recover^’' of carbon dioxide fro. 
flue gases , either for the purpose -'f iarnediate conversion of the sail 
component of the flue gas to “dry^ice” or some i?.-!mediate plant -use or for 
purpose of "bottling” the carbon iioxioe for salte as a by -product. The .g. 
solids* and liquids which must be eliminated frovi] the flue-gas to prepuT' 
to prepre the carbon dioxile component for use depends upon the fuel v/hicj 
is burnt at the flue-gas source and the efficiency of the measures which 
are tahe.n to scrub t}ie flue-gas ds:oen.]3 upon the purity which the "re-us;? 
d -j’.iands , 


Gas -gas Hoactions taking place in a cohvnon liquid meiiUTn: - are instance 
in which tv/o or inore gases capable of reacting with one another are dispe- 
in a coiniijon liquid "bath’'. hither of two circums tijn cevS may lead to carry: 
a gas -gas re^jction in the aforementioned manner:- firstly* thr? product of 
the gas -gas reaction may itself be a liquid vfnich catalyzes the reaction •: 
the "bath” which is provided may exert a catal;-’tio effect upon the rCoCt; 
v/here the "bath" i^- a'^naterial -.vhich is tl:e the pro'iuct of the 

reaction; or, secc’U ’ly , the gas -gas I'-eaction at hand •ic:y be of such a vio. 
and exother?iUc (hea t -producing) natu"e that the taxing-place of th= re^ct. 
in a liquid "oelium offers optimum conditions for hec-t troiaif^'r o''m teisper.’ 


con trol . 


Tan of the chlorinate^ .solvents ’'hLich 


ar'^ produced fror) gaseou 


hydrocarbons an J cVilorine cire produced after the inarsner set forth above, 
t'ae solvent pro-vuct itself serving as th-' "bath" m^teriol. 


Gas -bleachin a; of Juices. Oils, Fapt:r otock, etc:- <. ■; e instanc'.-s in whici. 
chlori'^e* or sulphur dioxiiie* or ox.'-^er, or a^r. or ozone, or mixtures of 
~ases liavin*^ similar properties are d-istriburei in liquid materials or in 


suspensins of slid orfibrous materials for the purpose ^f " cl eac hi S;-;" or 
d ec{’lo r izin g the liqui > ors spend-* rdsterials. host usually suc}\ operati' 
are carried out nv rel'.ing upon the "bubbling" of the g-as/ciS th:rough tr.e 
liquid phase for the required! agitation of the syste':;, Sconomies may v&x. 
frequently be in t rod uce'-i into these operati<>:ns by the use of other source: 
of agitation such as may be provi'^ed through the e^tploymen t of noraal’liqi 
';!ixing equir.aiont , and, especially, wliere the said liquid mi ing equipraent 
is adapted to the special conditions prevailing because of the introducti-: 
of yao/eg into the liquid phase. This is particularly true whore large 
volumes of gas/^s are fed into the "bleacViing" systo-n. 


yinerhl Ore Flotation: - is a process used for the epav a tion of certain 
solids fro-n mixtures o-f* solids. The process i’l widely used inthe sepavoti 
of ores from the impurities with v/hich the ores ^re found, as v/ell as for 
the Qtqn-'ration of mined salts from their I'esp-^ctiv.'? impurities. Recently, 
?Tiod i f i ca tie ns of this process have neon employed in other industries f-^r c 
vari-^ty of sep>. ration operu:; ti ons. Flotation, as a .plied to ores, consi'^ts 
of the ’i^ol lowing seq ence of operation ?•:- 


1, the ore mixture is crushed and ground to a fine powder in crushin 
and pulverizing eqv;ipment, 'Jhere the ore is particularly terrier, 
the crushing an" pulV'^rizing may be acco^npli shed in liquid mixif 


equipinenl^^' 
a slurry r,-;e. IJner- 


c >\ c > r^:;e is 
descr ibei 
euui nrneu t 


lic'a exei^ts a Vii -T i ratio j'irtJct j^iechonical actio.' 

' •• ")f(echaniC^^^e-l.;ction'‘ of the soli is 
TO’-ii^h. the acti‘''o of .ii.ixi equipment o: 
nne of the functions of t lie i.': i xi n ‘i; 
cvS set f orth in i he following 


accomplishei 
a'oove . it for 
, the others 

operations 


the ore is iiSi'—'Tsed , tiu.t is to 3 ay-- the 
thereof, in 0 flotation vehicle, normally 


f i fi el y gr oun 1 particle, 
water 


7i, ii flotation oq-nt. no rfnally a colloi-Uil material, is oistriout* 
throughout the ore slurry for the purpose of selectively envalo^ 
the particles which are to he Q 0 p..raten from the “reject" 


4. air is ‘Us tribiite-'l through the mixture, as set forth above, as " 
for the purpose of "linking" to the flo ta tion -agent -envelope! 
particles (i.e. the floation agevit serves as a chain hin*iing tv 
particles to he sepuratei to the Usparsei ai r-huhnles ) 


5. 


the rising 
j)ar tides , 
in a lioui ’ 
the surface 


an! escaping of the <Ur -to -f lo to ti on agent-to -sol.-. 5 
hase i or,* the li^t properties of a gas when iispers'l 
. causes the selectively coato! particles to coMie to 
of tlrieequirrrien t as a "scruii" 


Flotation, except vvhen carriei on a Ichoratory basis, is a continuous 
operation. Surface rakna continuously sweei^ the “scum" toy/ards a vreir » 
w'hile the continuous flooding of the eq -ipment with, nev; water by setting ' 
a co.-idition of overflow attends to the "conveying" of the raked scum to 
further stages of the processing sequence. At least* Sta.'h's 2.3,4. and t 
are -within thescope of a normally v/el 1-desi ^-ned gas-liquii mixer; while, 
noted above, with conditicnB pet-nitting trie mixing equipment :nay simultc.r. 


ictif'n. In cases where the 


o j 3 ly be d ec i gn ed to c arr-y out a pul ve ri z i n g 
flotation mixing rnacliine is chu-rged with tiie task of carrying D'ut the • 
pi;ilverizing action as well, it is interesting to notethat since the "lift 


ability" of the disipersed air-bubbles is lirdted the flotation of pai-tic 


weighing over a certain minimum is impossible aod hence the re-duction of 


0 r ud e ch ar ge t o 


rtain uniform -riinimum level is assured 


Plowing o f itsnhal tu-ii : - is 3 process calling for t.ho‘ lis tributi "'n of air 
in molten as.haltum for the purpose of promou-ng, as inth' blowing op oi.l 
both an oxidation and a pol^h^erizatlon. Th-e principles v/hicri guide the c 
ing on of this operation are as poorly undorstoo ^' quanti tati vol;-/ as in tr 
case of the blowing of oils. P.nd hence tbeas sociati ; nof certain pr -cedu^ 
i7i th the attainment of certain physical ar 1 chemical pr^-perties ’^or the 
product is smilarly a purely empiri cal one -Oolloivinp; much along the liner, 
previously set forth in the case of blov/r oils (3FE irS) 

Steam Bis til 1 a tions : - are o p er a t i ov^ s in whi c/i I i v e s t e a is i n t ro d u ce d 
into a liquil syste-i! for X}\- puip.ose of volc;til izing certain or all of 
the components of the aforesaid liq.-id oyster. 3o?ne portion of rhe late 
heat present in th - introduced steam, depending uxion whether t2ie water 
C'r^ensute lue to the pre.sence of the steam an j its use is yiisciVjle wth 




t h b f o r ri'in e n t i o n e <‘3 
prop- r ties of the 
cei’tbin co^nponents 


cf 0 re'ne nti 

or oil of the- 


liqui'3 'Tiixiri''^ in s ‘Ch. Tuitions 
stefc’.) in minimum size o'jPbles bn 


.^n j '3epen'3in^^P'pon thevbpor pressure 
l.i. Q''.i<3 sy 3 1 pes to the distill in;* of 

' p ii 5 ' 3 te',<. Tl'.rr role of efficient .-■c. 
;. ^ to & s 8 u r e tl: a i s t r i o 1 i o n o f t b. e 
np.rce to reduce the ’’lift'* rzte for* i;- 


■bu^-ible. The reduction in the “lift'* rute for thr‘ ouh3)l-s of stet^'.n ansurc 
a greater perioi of stay in 'the liquid ootch and hence the ratio of the 
yielded qua'''tit>' of heat per unit of stec.i’rj used to the theoretical quanti 
of heat which each voluiiT^e of heat should give up approaches a iiiaxiiriusa 


' ^Tashin^ of Katural Gao: ~ is a proce-s which J.iay be considered a special 
'i n"^t a n of ^ga s - b c irubbi n g as previously dealt with. The object of the 

operation in this case is to extract aucli solid particles as '.aay oe 
entrained in the gas as v/ell as the hydrogen sulphide which is al%vays pre 
;.n natural gas. All of the coirments previously set forth in connection ; 
the section above dea]ing "rath the general problera of gas -scrubbing are a a 
licable here in view of the luany different basic rieans "vhereby the extrac 
is carried out and in vi-’w of the Vcjriations as to size which p;f>vern inst 
lations of this type. 
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SO\M I'PECIAL LT’>~.Jir-LTivaT.O 


^!G P-OPLmS 


The vast majority of liquid-lie ;ld miMi^/ problems be h?5ndles by the no^m-l fnd 
stenderd ir!i>c'’ug equipment voiich is rcyr^. -.nted by trie t.irbir-e, propel-i-er, psDdle^ gJ 


horseshoe, etc. types of mixers which <recommonly mfc-rketed. In such p-robiems, the 
orh.y functi :)nal advent^ges which one vendor hss over xnothr-r will consist of:- whether 
the specific type of mixer recommended is suited to the ty^ e of kettle employed, the 
Yoliime of inf* ter ial to oe handled, f'" nd the physicol charocoeris ui^-.s Oj i^he terial 
be mixed; whether the intensity of mixing action (the horsepower per unit of volume) 
is optimum for the job at hand; and, whether the speed ch^'racterlstlcs of^ the chosen 
mixer are suited to Uie conditions of the mixing problem at hand. In such problems, 
the design advantages which one vendor will have over another will consist of:- the 
extent to which the comj'onent members of the mixer are structurally sound (whether 
shafting of adecust^- diameter has been used, whether the mixer blade members are of 
adequate strength, whether the means of mounting the mixing assembly are sufficiently 
rigid, etc.) and suited to long-life; end, the extent to which the mixing equipment Poi 
a sound mechanism (the extent to which the unit embodies not only operational soundnesi 
such as freedom from excessive vibrations, etc. but the extent to which optimum life 
for the Drive, stuffing box, bearings, etc, has been provided for). 


There however, some cftrgories of liquid-liquid mixing problems, and some specific 

instances of liquid-liquid mixir;g problems, which are cither poorly carried out by the 
normal and standard types of mixing assemblies, or are carried out ’■ ith huge inefficien 
from the standpoint of the work-accamplisr.cd per unit of energy €?xpenaed. AH of the 
reasons for the inadequacy of normal and standard mbxing equipment in such instf ness 
may be ultimately resolved into cny one or combination of tne following basic conditioi, 
inef f aid improper means anci p-rocedures of addition of one liquid to aripL'aer; the 
Inadcouscy of tnn no^ w 1 " ch^ c ter'' of ,.*i:- l^’g ration vhich ^ s!-.;-d''rc ni.'C--'' nrovides 
for the joo hand;- f i Hare to assist tl.e c3imal action of tie mixer ■- r Lane 

Ith fl )" -diroooivc bat: loo, err it-tubc.., etc. 


"I'le follov. in/ a list iif t.if- .ro*o oo;iWion llquic-liwuld mixin;_ n-ooloms which one I 
lieely to necr,. Included under eacn heecing Is i ters-. . -t' " n/f the iw tu"-/' 
r t/ ^es of difficulties which erH. Is likely to prese/.t:- 


l .ilnhoa; t lo.'t >^:- h gener-1 eA..osition of vin t is a ^';l^.i,o;r tl }'• i.: iru r. giv^n 

33* trcaUicL.t at.lcli in ^ivt . tVn-r-c ^ppli'i in to sulphonrtlnp 

op-./'Hions, rGg'srdlesc of vlieti.er the sulphonHlrqr '-/ent is ■ ll'/.;id o^ g-u or both, 
ihe fol loving difXicultics "re cou.mon to all sul; hoiw tl vac rep* rdlass of the ty;'e 

0 Sul; hi j nr t inp ■ ge n t e ■: 1 v- ed : - 


il._. .w- w-iH- i r. r cUut- arc extremely exothernir re-ctions (;rwhv:‘e ' 1- -'-/n 
amount jf re; ctioa-ne'.t) . Tnis evidition, u-cn couple^, with the f\?* tint 
a‘ll s.,lphorr thij agents ^rc exfrevwly a'*tlvf deh/dr*. t : rq. fgc.it:, tends t* 
q-l rp the ini:', inir.g of certain maxipium tempera i/ure levels 'S r s rbsolute 
pj'p-cond i tion to thiC obtaining of a gooo product £ luce the dehydra ting ef:eot 
of tile s ilphon^- ting agents is accelerated by heat-. This factor in of 

T"' .1 i M.'. i >: -■ ■ li.e organic mrtcr'if l '/hich is being nul id'' ''cd 

contains u>.-ygGn as veil as hydrogen in its str-ucture. there the compound 
t) be sulphon" ted does not contain oxygen • nd hydrogen ato.ris and, hen"'-, ’■h." 

' dch^ h- !:*:i ■ ; in ot take place, triere exists the foil o’. ing danger. Trie 

nature of th^ reaction which takes place, the lu-ecise nature of the material 
produced, is iii almost every known sul hiOn; t i on r* trw-r crli ic-'ily r >■ . o ’ i* g- 
*, If: tlia ,-/: ■ ' '.rditions under which the reaction occure. Those- fr'''ls 


deiUMid tu‘’t all posbiole bf- 

(.•^OiiditiDriia for good heax trn-;oier ■ 


0.0 ot to 


e 


X imam 




since most of the mf^tericls vhich ore commonly’' sulphona ted sre imiscible ^^'Ith 
the normally eri-ployed solphoi.^ting agents the problem of assuring the Instantmeou 
dist^ersl -jn of the a ,.lili > ng u- on ''ddltioi of the ssrre in the reaction 

system is also exceedingly imports nt and crucial* f.ccomplishing this goal, 
instantaneous dispersion of the agent, is made m. ')ro difficult than would normally 
be the case for most iniscible materials by the fact th" t tiie commonly employed^ ^ 
sulp')honating agents enjoy a specific gravity much higher then that ofmost liquid 
materials. In view of the fact that the heat which must be removed arises as soon 
as contact between the sulphonr- ting agent ?-:nd the material to be salphonated is 
established, the normal mode of addition of the sulphonating agent to the reaction 
system is a gradual one. This is done both in the interest of heat control and 
in the Interest of providing the best possible conditions for immediate dispersion 
of the sulphonatlng agent on addition 

where the sulphonation of oils is involved (NDTf;- sulrjhona tinns of oil are most 
usually pursacd for the purpose of manufacturing detergents, a further complicatir 
factor is added to the two cited ab .ive. In those instances, the high viscosities 
of most sulphonotod oils and tneir tendencies to deposit a viscous film on heat 
exchange surfaces tends to extend the difficulties which are experienced in 
maintaining good hent transfer end instantaneous idspersl jn of the sulphonr ting 
agent upon addition of the same to the system. The difficulties experienced in 
est* blishing the aforesaid instantaneous dispersion of newly added sulphomting 
agent becomes most pronounced tov-ards the of the reEiction, v.iien the general 
viscosity of the reaction system is ut its maximum 

GAl-T-ene variety materials which are sulphon' ted 8nd the vr'rying circumstances 
under vriich these reactions are C'^rried out TU-le.. it virtually impossible to estnblich 
specific remedies rg'-lnot the -'f oremontionee difficulties which 7 ould be universal. 

It is ]50ssible, novever, to set furtii tne f3llo'."ing general ruies reg-'rning the above:- 

1, to establish the best possible conditions fo"^ he-^.t transfer in ^onricction 

with heat excri'u,__e surfaces, measures to assure a forced drift, v/herever 
possible, snould ne .rovlded for (tEE EEGTI'^u f) 

2. to establlsii the best possible conditions for ins t&ntrrieous dispersion of f;:e 

sulphonr. ting agent on addition t) the rer ct ion-system, the foint of rdcltlun 
or dl3tr5..butlon of the sulphonr ti.w- agent should either be into r stream 
passing into a mi-xer unit, or c unit’s path 3f r ction; o^, -hr-rr^ tne 


ci.':er ino.uces a higii velocity flow, into the impolled sbre' 


The 


3int o; 


introduction of the sulphonating agent should in r ny case be in the 
vLcinitv of the scene of most irit^'.; ' "■.Lxi''p action 


’■here either a starting high v 
rea ct Lon-cy r vC r dGnonntr:' tes " 
reaction rroceeds, boh: 3f tn.e 


iCosity system is involved jr here the 
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The ac • ^•; '■ ‘.l ' ‘ ^ ' :■ ; rc' etiJ. a ra a >• e nable cojrce:- 

th" t ea'.air tiaj- ir-jn) tac dilution :>!' tiie sulanaric acid co.n^ orent of the nitT-^'ting 
8ger:t mlxiire; and, sec vaaly, tn-.t fr'j<7i the rc, action proper. The oieac.ires 

•ehlch mast be adopted to assure ^axi.T.um efilcieacy v, iti. rcyard to :aixin.^ ir itrrlion 
reactions are sLniilar to those used in the case of s.ilphotu tl ons in dealing • Ith the 
latter type of re' at L 71 .' l dlfflcjltles and <'C-'a' id^.- 


Acid Trea ting of L.ioc 3ITe;~ is r-poces" calling for tue . trer tnient of the lube oil 
fraction of petj- il^ ur.< vith sulphuric acid f jp the ^,.r^ose of bringing co';n in the 
fcr’i of ■ sludge the un'.;;’ i^tec uisaUirated portions contained In the rf id fraction. 

This process may be considered a special lnita..ce of tVie general cr'obleai of sulph )?>'' ti ' 
Ti.e pi'ocess, or. r. c onurierclal sc'^lc, is ge icj’nlly cl rrled out in either of t^ o ff'shlons; 


1 . batch ;nethoQ the acid is added to the crude oil Iractiora In large v-ts, 

gradual addition of the acid being employed in the interests of tenper-'-f u 


coii/Tol. /.ftcr tiiG full a.uount of acid rt. . »lred ’ t o bring dorii the anv.-arLted 
portions In the oil htiS' bcei. advied c.-.a complete reaction aissured, the b^tch 
is "rested" ano the sludge is allov.-gd to settle as a "foots", the tre tea • 
oil being dec i.ir.g Lru--- . = f iui . io astsure tiic thj:-ojgh oIl irlbulior of the 
acid on vhich the completion of the reaction in a minimum amount of time 
depends, the measures ’'hich .must oe adop tee in vie' of the r el lively high 
viscosity of tne l:fce all fraction incl'ULo;- introduction of t-he -eld 
01' near the scer.c of .mst intense min'ing action in ^110 most c-iriTenient v.ry 
in vhich this uu-y be accomplished; and, employing a :r.l.«:er v.hich comb ice a 
a maximum rate of flovt-induction vith Ic •.•!!£. ity of d^rtct meciia [lical 

action 


continuous methor 3 in this alternt tive, the oil irfCtlon cr.d a correctly 

proportioned amount of acid are continuously fed to one or more mixers (if 
more than one mixer Is employed, lhe.:e arc ' cxd In t' ui'n 'sith oric another) ; 
the .mixed efflue.it from the .mlxer/s is then led t'lru one or more ce.ntrifuges , 
’.’.here the sludge is separated from the treated oil. The peculiar demands 
of tne process vhen operated in this fasiii-jn go beyond the •- cr ulz e.mc- -.h- of 
the process hneo operated in the above fashion. Over and aoove the mec cures 


v.'hich must be j;djpt 6 d for LiiC o.r-‘ 'n oper-;, tio**!) t'.ievc. e.re (.ne i C'.. ilrbmeots 
of E. cjntinuoas mixing operntior • er .-e, vr.Loh ■. ill '-•c ir^-uc. v.itu andcr^f 
sepor.- te her.dl?)g; nnd, the re:. . 1 : ".ents In the phase of thc^ operediDn 

v.hic.h affect the contiuuoas or-c. naion indulged in af tervn- rds . If the 
separation of the sludge is to be- totally effective, it is uUerly noce^r 
i^r^t t.n sludge lb not dispersed to coll old ?' 1 di.^icnsions as it approaches 
the centrifuge/s* Tv.o 'neasures inuy be adoptee in txiis i^egairo.; — 


the totally reacted mixture mey be brought to a sec'>ndary mixing 
ves.-.f-l. LX y hich an intensity of mixing action prevails v'hich is 
sufficient t) guard against settling of the sludge but yet of a 
degree v.hlch per:nits the ''grorth" of the sludge-particles 


In the second inSLcnce, both the .oromotion of the reacti 510 a:.d txie 
’'grov.ing’’ of the sludge-product may be acconiplPsheo ’■'ithin c single 
vessel. T-here this is done, it Is accom.olished by feeding both the 
oil bo be treated and the treating acid into a piece of mixing 
eeui'iment v'hich is designed for a maximum of direct ncchnnical, the 
promotion of the reaction oeing accomplished as c function of vlrtualtj,- 
the milling of one materi ’ 1 into another; ’-hilc the reduced -mount of 
f lov.’-induction 0/' r.hlch the mixing unit is capable, because of the 
speclel design of the same, is employed as a condition for >'grov; th’^^cf 
the sluuge-i ^^rticles . In i^uoii cases, tae mixer is of a nig hi/ spec.ili: 
design so that intimate dispersion is accomplished solely at the mixer' 
locale proper, the flov.-inductlon component of tx'.e mixer's action beinr 
purposefully rediced to tha-t minimum required to establish the level 
of turoulencc required f the afo rementiore d "grov tli process". 


Caustic Refining of Vegetable Oils:- is a process involving the removal of "^ree 
f tty acids from f rcshly-extrr cted vegetable oils In ^rdei' to Improve the edible and 
JTtoroge properties of t. e oil. Oils may chemically be defined to be compounds of fatty 
acids with glycerine, more p''rtlcul''rly compounds "if uns*’ tut'^ ted fatty scids -”lth 
glycerine. Ko"ever, the f reshly-extrscted oil will contain free yatty rcids iui 
vrryinn degree depending uoon too locale from which the speed-base come. These fatty 
acids arc unstable in the presence oi air and hence must be removed if the oil is 
0 be nrotected against turning rrc.cld. This process, like the ccio treating -jf lube 
oils, may oe carried out commcrclclly In either of t 0 w"ys:- 


betch method caustic coda is irhr'oduced into largo v: ts cxntalninr oil, the 

caustic being in water solution and reacting with the free fatty to 

form a soap-curd. Initially the curd is formed to colloidal dimensions r-nd 
stays suspended in the oil. Ihe temp‘'rwt:-re of the completely freeu :)il , at 
the end of the operation, is rris-yd f^r the ^^urpoce of d'^stroying 
CDlloldrl suspension ot sono-curd,. for t..c purpose of cotgul'ting ‘he so-p- 
curd. The coagulated soap-curd is then x'llov’ed to settle as a "foots” in the 
vess€nl while the 'rocesred oil Is reountfiid . Tue best cundltiow lor the 
successful carrying-out of the process involves:— tiic t;’.or'Ourh contacting 

of tnc caustic solution with the oil b"tch; ^'nd, th''- use of r mlninum excers 
of the caustic solution. In view of the fact tn-t tac normrl percent? go of 
free f-wtty acids i'l oil low rru, hence, In view ol the fa "'t tUx ulie amourt 
of csistic solution used Lo except 1 u'irilp'' sir'll volj-:e trie: Ilp’- in rm ' rlc on 
V Ibn L.ie volu.nr of oil t o be trc.'tec, i he ^rtcle. yf out- ’ '.Irg ■ r-';' V; rod 

uniiorni co.hxoLlng s tnu oil Ir 1- tner' d If f Ic :lt. Compile* ihp the problem 
h obt'' Inlu'' th- r^ I irco t.*'* e ul.. ; ( t ; ! ) : ' rr. me 1 ol .y Inr ftoto:*'!: — 


'lO 0-. icr. 


. ’"C U" !■*.. iJ iiiL - required to obt^lr* the coirtolebe rc^fctici: 

j f the free fr t ty a i ci s , ' ; . ■ g r c - 1 c r i s f ...c r r, . ou n t of vo r ’• & : r n t In 
continUQuely s :b-c;iYldlntj the sosp-cord -hlch '•r i ormed on inYti"! 
cont^'ot vlth the oeactle solTtior. ■ tid the hc.rder o .• the nj 

c O' y ' 1 1 ' fcl n;^ hr sot p- n i ra e fii e or ^ e tl y o c ^ . ‘r.*: 


t the scene of SLoet intense 


it; :rr' Y op 


no .h:o.jld be fed by ? pipe 


To -tsare the roost rrpld coeiplet Ion i:' the rc'etion llh the fre-r- f - tty fcici e c:ge!.n. 
th'- rct'rcLoh Infill ce e;<ertci by t-c innlscl'-i’: ihy oi n'' " “ ^ ec 

LolntLOu, the e olatlon srij-:!;: oe IrtT’od T.ro ^ t the scene of SLost intense 

'iiixing oction in UiC :.;o; t c)';ve;lcnt v y in ;ht>'h tni; :s' y op r 'o.r, “! l. : ^ c' . 

^iiP2‘0 oi'0]'*ellei' silxers arc aseo, t--.;0 ^'rostox' toiutL.)^ .hooolci be ied by ? pipt"' 
into the jpstreciri-sUie of the propeller as close to the propeller as possible. 
V'here r tnrbino riixer is employed the Lpe-feed lio-^ f ■■ s 'h<^ 'he -s'-h:..- 

sJioiilci be brought in so thrl the caustic feed is into the hub portion of turbine 
rotor 

continuous 'r.etbad in this r.ethod of opi ration, as proportioned feed of or-ustlc 

sod-'* end oil is fed to a raijcr or 'nix3'" tr.i-’c ': o o . si.. . • by , the s* id T.ixei' or 
mixer tandem being of the continuous type; the T:i>reo*/s effluent is tnen o Ire? ted 
to a best oxclr nger, in vhlch the tP;:>r -r; v 2 1 of t;:,j 

s tr e ora is raised s .if ’ c’ i c :: t ly to r a s i v e tnc coo gul : t i on o f t be so r p- cur n a n i ch 
is produced as a result of the resetion; the strer.n is thence taken to s 
centrifuge, in vhich the coagulrted soap- curd is sen "rated from the treated oil. 
Since the mixer vessels alluded. to above are batch type mixing vessels vhich are 
adapted to continuous service by providing an overflow nozzle and by prov1.ding a . 
CO itinuous feed bo the vessel, the problem of cstcblLshing contact between the 
reacting materials v-^ithin a specified oiiniTiuro length of time is accentuated. This 
is true beca :se the use of ■ fi:ced rate of feed into a vessel having a fixed 
holding c;'^. pa city automatically establisned a ’’time limit’* vithin v.hich tull 
contacting'must take ^Isce. This differs from the case of the batch o pe rati on 
•rhere, if ti:e reaction is not completed within p certain expected period of time, 
it is possible to srbitr^ril.ty i>roloag tho mixing operation. ProlOxOging the 
’'time limit” referred to above can be done only oy redj?;.ng the rate of reeding to 
tiie .mixer/s, and, tUu‘^, only -'y reducing the over: 11 caracitv of the treating 
system as ?' vhole. The a.roblem of ”s t i oking” vithin the cor.finrs of --cert- = - 
"time limit” in a cmtlriuous system may be most efficiently met:- oy ”chc nnelicinj' 
ihfc flov :ti'tc!'lrlL in the mixing vessel (i.e. by limiting, -^10 extent of rardon 
flo- ); by feeding th to-oo-treated oil and the trerting ceostl': solution to^^he 
scene of moat intoase mixing action; oy injrctirig" noth portions of the feed inh' 
fie jnanneled fio'. in .. loh ; re t> ace.r-r, as f' '■ , or '.-I", * 

•inltorr ^"tn tr--V 0 ^ "“jr r.ll ,.orti an f frrd; - .f , py usln^o a s ifficirnt 
numoer oi" mixing ve.T ^r'1;^ ie t' ado", so th'- r no yorti..r >i the c’isci. "gc as p'^esent 
for s period of time less then that required foi* c o.Tn'ietion of fa ’^re-'tl.-ir rc'^ct: 


e-'tl.-ir rc'^ctl 


Continuour .lixlnr i'roblcots In Gca>.rra :- ns dealt v. Uh here, are in., traces In v-hich 
mixing vessels are edryted to coritiruous service by providing the snra? witn overflov 
nozzles a nd by feeding the vessels c . . t i m 0 rs ly , i n v hi :;h c s e " p r- " v 1 our; I7 rxed ” 
m " 1 5 r i al s ere ’'floored” )• 1 1. of t . a- .o' stem ' t th e s r me r ? t o at v hi ch t h -- vessel is fee 
C j n ^ ar 10 ;s ' ! lx? r s of f. a. r fv "■ m • y h ' a .? e d f 'r gc r - 1 1 v ■ i"' > 1 i '■ u 1 i- 1 i a i ' • ♦ ' ; .tl id - 
ll'uid '.il.xina o-’r-im ti.ii.,.. . Tit. iu ^ rool< v.ai h. ' i.l* t ir .. i a. ret-g-. '2*2*.- 


1. oreventing ’’short-circuiting” from the feea-point to the discharging point 


2. providing as uniform a pot . travel for ‘11 portions of the strc''m as 
is possible, without sacrl. •Icing mixing action 


3. bringing as uniform an action as is possible to bear on all portions of 
the throughput stream 


y.'herever the type of mixer employed is adapted to the use of draft- tubes in connection 
therewith, draft-tubes will be found to serve each of the requirements set forth above, 
in some measure. Bequirem-'nt Ij': given above, while seeming at first to be completely 
identical with fiequirement ?r2, is in fact synonomous v/ith the latter only to a limited 
extent. Requirement if 2 is achieved either oy extending the highly ’•idrectiDrialised” 
flo'.' which is Induced by certain types of mixers, such as the propeller and turbine 
types of mixers; or, by importing significant amounts of ”directionalisation” to the flow 
induced Dy mixers of the ’’random-flow” type. This is usually accomplished by the use 
of draft- tubes. Vliere the components of the mixture are fed into the draft- tube, 
RequiremcnL -jj?. is satisfied to the extent that at least for immediate period followin, 
the introduction of nev; materials (the initial path of travel) all protions of the 
charge follow e roughly identical pattern. In limited way, Requirement ^f'2 continues 
to be satisfied to the extent that it is impossible for material in the vessel to 
cycle through the mixing equipment proper without traveling a fairly uniform path from 
the exit of the draft- tube to the entrance of the draft-tube. In the above-mentioned 
ways, Requirement ff3 as well is served, in sense. The point at which satisfaction of 
both Requirements 2 £: 3) solely by the means stated above, diverges to the greatest 

extent is the following. Since there exists no process of selection, in continuous 
mixing equipment of the given type, as to I'.hat portions of the vessel charge ere to be 
overflowed end what portions are to stay behind, some of the materiel which is fed to 
the equipment is present for the shortest p>ossible stay of time, while other portions 
may be present for an infinitely long period of time. This is equivalent to saying that 
while some portions of the fed-stream are subjected to the mixer* s actions for a very 
short period of time, other portions are subjected quantitatively to a much larger amount 
of work in consequence of their longer stay in the equipment. Y'here the subjection of 
all portions of the fed- stream to certain minimym amounts of work is absolutely vital 
to the achievment of the goal of the mixing action, such differences in the uniformity 
of actions to which the fed-stream, is subjected may be evened out, and even eradic-ated 
for all practical purposes, by increasing the number of mixing vessels through which 
the feed passes. Complete freedom from ’’short-circuiting" of newly-fed materials. 
Requirement #1, may be attained by the use of a properly designed draft- tube in connectior 
with the mixing equipment and by feeding the ne- materials into the draft- tube, preferablj 
as close as possible to the upstream side of the mixing rotors proper. 


It should be noted that the above were offered as the most frequently mot of special 
liquid-liquid problems. This must not be taken to mean that there are not numerous 
isolated examples of liquid-liquid mixing problems which present similar types of 
difficulties to those set forth above under the various headings. It will be found 
however tha t in most cases t'.:e difficulties and peculia.r aspects of such isolated 
problems may be relf ted by analogy to those described above, end, hence, are susceptible 
tc the canter-measures employed as per above. 




^SOME SPECIAL SOLID-f.IQJID 




The over 7 /helming majority ot solid'-iic ;. -d mixing prob^'enis, like the overv.helining 
majority of liquid- liquid raixirg probler.s, are capable of oelng handled by normal 
and standara types of mixing equipment. As regards the relative efficiencies 
with which the various types of marketed mixing devices of the stefidard types 
carry out certain specific tasks, it may be said that in mcst tasks of a 
straightforward nature the efficiency attained with any s -ecific piece of mixing 
eo^aipiflent is a measure of tne extent to which the equipmeab has been carefully 
selected from among the various types of standard mixers and is s measure of the 
care which has been employed in giving the unit its optimum opera tionsl chr rncterlsti 
for the job at hand. Standard mixers of virtually the same basic types do differ 
in their qualitative design end engineering characteristics, though in most cases it 
will oe found that while some of the standard mixers arc better engineered than other 
the results obtained from a functional standpoint are pretty much the same. Design 
and engineering advantages which some enjoy over others more often than not express 
themselves in the trouble-free life which they yield in service. 

The follov/ing widespread specific and general solid-liquid mixing problems are, 
however, tasks which .cannot be carried out with as much efficiency as can reasonably 
be expected by normal, standard mixing equipment. In the main, these tasks require 
an accentuation )f the direct mechanical action component afforded by the various 
types of standard mixers. 

Gutting or Dissolving of Gums. Plastics. Cellulose Nitrate. Celluloge Acetate, and 
Rubber :- The dissolving (cutting) of the aforementioned materials, and the materials 
themselves, have certain characteristics in common. The common characteristic 
of the dissolving of each is the tendency of the solid to take on s jelly-like 
consistency on infiltration of the solvents with which they are cut. The common 
characteristic of the materials themselves is the fact that each is a polymer materia 
of tremendous molecular weight, 'fro factors determine the extent to which the 
"jellying” complication car, and must be met by countermeasures:- the mean sise of the 
chunks or particles of solid prior to addition to the solvent phase; and, the maLuner 
in v’hich addition of the solid phase to the solvent phase is performed. As regards 
the mean chunk or particle size of the sol.id on addition, one of three conditions 
can obtain;- the added solids may be in so fine a form as to reduce the importance 
of the direct mechanical action component of a mixer; the solids may have a particle- 
sice such as to make the exertion of a direct mechanical action on the s olids- 
chPTfye tory f nr a iriaxiiiiuri solution rate; the size of the added 

so 1 ids -part i cl os '.-ay he such as t< preclude the conve”ir r: of thechunks 
by the liqui ' strecns irtiuced by the .f^itotor 'rechbriisir; t such as to 
preclude their passa.qe throu.qh the rienhers of a inixinp; assercbly laodifie 
for ararlifyiop; its lirect aiechiorticd action coiio.orer- 1 . If the first of 
the of o tione'i ccaditions ohtcirs , then o maxiniuin rate of solution 
will deirjan > the most extreme con>iitioj‘; of turbulence end the choice of 
mixing; equipment n s ';ell as tV\e assignment to c’nosen m-Lver of certai 

operatioricil charac teri s t-. c?- v/ill o ^ r-cesaity have to be tuned to live 
Soid demand. If the secon i of the orementione -i conditi.-ns o'utains , 
then the settirp^-up of a ;:;axiiiiuui rate of solution will der-en-i upon the 
employment of a mo-'-er exertirqy a maximum of direct mechanical -ction. 
If the tViirO of the af oremen tio ''’ed conditions obtains, t;te es to'ol i shmen 
of Cl icayiinum solution velocity v^ill depe: ot o.'ly upon ttie setiinf^-upi 

a c ft dition of maximurn turbulence by the a >"1 ta to-r equipment but upon 1 


existerice of '’^fcrectionfcili xai '* flow of tht^kolverjt <'!!iTecte<i at the -oi 
which, wouln in r:iven irstt- ico tenu to floht or settl e - e’:er 

ing upon the S’ ec.fic grovit": of the o I ,i •‘Chbr /;'e, i-.s regarho the r.uc 
of the fashion in v/hici;. the n . iOo o ^ the soli is is c£irrir'; i^ut. two 
basic procecurerj be eu.} lo;; v h - firstly » the entire char?.:e of Tiit 

to be iUssolved tiay be ‘hluinped’* at once i.ito the solvent; or# a progres 
rate of adf3ition of the s lids ;;:ay obtair,.* if the chargs is aiued as a 
"dui'Dp-chorgr:'* and if the s ol J. ds -ch'^T(;:e is added in a fir'ely divided fot 
in any forir; of division belon/ that described in third condition of pi rt 
size set forth above# the iTiipo rtance of exerting the u'.axiiiiuri of direct 
rriecha^'icLl action ymicYi is consistent v'ith a high degree of turbulence 
becorces r.-ronounced , If the charge is added as a "du:;p-'Cric.rge '* and is 'i 
a state d vision as ••lescribed under the third coh'h. Lion set forth aV 
the iiijportance of both 'Mi rection&li^ation" of solvent flow and of the 
use of a most extreme condition of turbulence becoviies all the more' aoce 
uated. If the ch- rge is added to the solvent phase pr ogress i vely- -- 
preferably so that the amount of undissolved material present in the 
solvent at any time during the dissol ing operattion is tu'-ed to tne b-es 
conditions for the ^nixer’s operation# t/te result for- eit'ner of the firs 
t7/o nairied conditions of 9 olids -division is to reduce the critical na.t r 
of the specific types of 'jii‘--er action recomTnen Md in each case above 
and to promote an increased over-all solution velocity. The tv/o other- 
fa ctors which e" ter into operation.s of the above sort an 1 wh.i chi deserve 
a l tent ion is tb.e follo-'lng:- the eavtent to which the saturation limit 
of the sol vent is approached; and. the maximum v scosity which the solut 
will assume prior to completion of the dis ’Olving operation. Regarding 
the influence of the extent to which the ; a tu ration limit of a solvent 
approache > # it well be stated triat t closer » he said limit is 

a}}'roachec the more critical does it ^ eccnne to furnish the types of act 
recommended above under the various cateaTO ri of aiiit on irocedure c .. 
particle-size iir the colidg-chaT e. .-s regards the in luence of the 
viscosity assumed d’,;Tin?~ the final stages o^ a dissolving operation # it 
G /'lo u 1 d 'oe noted tli a t # wh ere th e sa i d viscosity go es 0 u t s i ■ e the v a n ge 
vhthin which higl] speed mixers may be profitably and efficiently emplov 
and v'here the initial viscosity the N-;ixture "^0 In permit the u-^e of 
hi/h speeu ^iiiviri ■■ equipment, on-'of two ireasures may be adoptei to meet 
the situation:* either a d ouble-mo tion agitator osse'rbly may be used, 
eacl'. motion '.ein;' separately pov/ered for indivitjual and separate use of 
either motion; or. themixing equipment may be selected -''ith an eye to 
efficiently carr/inv oui the Icot an-l !':ost critical sta 'e of ll-e di^sc. 
ing operation v/hile permitting an inefi'icient op-oration for the initial 
stages 0 tVie f3i uso 1 vin opera tior-. The d ovV>l e -mo tie r .•"rivtoi pers.i ts 
thf^ use of a hig] speed -liir-r c.s o'-'e mes^bor of the combir a ti o •• for the 


initial stares of the hssclv hn-; operation and a slov/ sp. 
h.i V scosit ■ st(. '-^s. ‘’•’reepu er tl;-' the . bo ve - i j. f oi c Ities 
nro .press ive increase of ■’’’iscooity of solutio!: r.nd the l 


d member 
'’f.ich etteni 
bro a cl. of . 


0 1 v-’-f- 1 ' s saturatio:' 1 Ivd t be avoi “e-i '■ v u.sin''- a 1 . r "e excess of 

solvent ‘'or the dissolving o-.eration unt.l complete di s s r 1 ving of to.-- 
pa M.icular solid h;.s beer < tain •# the xce ' ■ bein evopo-.-^te ; 


and recoi^'ered. The foregoing remarxs will be found to a ply i. the 
dissol^' in' of l.gnin as '-ell. It shO‘.'ld be moled 11.^ t in ref err in;-" tc 
resirs a ■ i gum n. in the h e a '• i n g t o thi s s e c t i o r only t h:o s e g o’r'S -vh i ch a r > 
a-’ led in the soli.d or e7ctre-..;cly heaw paste cor'si.s tency : re meant. 




Cert£;in insifcinces of 
solids bte criiiictl, 

( OEFINIT.or : - ’'Jellying:;'* nia tc-^. i 1 s include tr.ose soli s exlrb- 

ordinorilly hi fyi oonaistenoy './rtes v/hich, on contL-ct '.vith h solvent » 
tend to £»hsorV/ solvent oil ove-. oheir coritect oreo v/i tii the solvent ph.. 
end v.hich os o result the oei . so Ivent-inf il troti on teke on t, ixio^.ke 
different consistency tt their peripheries ti-.ori characterizes ti.eir 

cores the seid peripheral zone of differinn: consis tency bein?? in the 

nature of a closei;- adh-ri^ jelly). "hether the dissolvinfj of 
'jiateriols coril-nf-j; under the h-^adiny of ’’non- jellying" subotuncer^ is of 
critical nature or not depends upon:- the state of division of the soli 
rharf^e lipon introduction; the basic solution velocity constant for the 
operation at hand; and the extent to which the proposed solids-charge 
approaches the saturation li^nit for the solvent at hand. Grossly 
classified from the standpoint of mixing operations, a solids-charge i'’" 
uniform as to size, may be in either of three .groups:- tVie solids may h 
in so fine a state of division as to nullify the direct mechanical acti 
which any particular used type of mixer is capable of e'^erting; the 
solids may be of such particle-size as to permit He effective use of b 
mixer's direct mechanical action component; or. the pieces of the chc^r.- 
may be of such larg'S size as to preclude the con-”- eying of the said piec 
by the various in luced streijins of flow. The aforemen tinned categories 
are named in their pro.gressin.-r order with resrj-ect to particle -si ze. Ti 
following:; t.-'-pes of yloon -j ellyin.g" materials dissolvin.g operations are 
critical ones which may's? accelerated from the stanniioint of overall 
velocity mechanical action:- 

1. instances in whichi materials belo'nyin.g to the second -nam.ed 
category of division are being dissolved in solvents in which 
the giver; solid is characterized by a low to medium solution 
velocity constant 

2. instances in which soli’s bel ngiu.g to tlxe second -:;^i:ied cat---, 
o ■F' division bxe being d .l '.Tved i-n a liquid -to un extent 
approaching closely, eqjallin.g (soturote j solutions) • or excee 
( supersaturatC'l solutions) the saturation limit of tiie solven t 
rt t ha ' d 


Dis3alvin.g o f Cd 
dissolving onera 


fcoin ”l Trn u ] i i 

ns^nv cl V i n g “ n o n - j e 1 1 yi 


3. and especially in instanc-^s ciiroinint% the characteristics c'f ir 
abo';e-glven exa'nples 

1! a t e r i a 1 3 b e 1 o gi n ■' t o the thi r ; ■ a-':re j c c; t e go r y of ’ v i s i o n do, e s p e c i <- 
when the con* emplated solutions approach the sat-jrate*-' state cnd/or who 
low to medium solution velocity consta-pts ch arac t'^ri ze. the :-olution. 1 
heavil;-- u'j on proviuing ’i recti o-ual . ze ’ flow a' d V.i'.V : -- ' 'rs of ’•urbul 
This of ore. iientio n-^d type o^ -mixi-Cf-: problem may also be co-^^idered ro b- 
of a critical type. The -i 3 tin ct ioT; 'net'ueen "jellying'’ oud "'non -j el 1 ”1 
m c. t e r i i 1 s . w.l t h respect to th e -d i s s o 1 v i -o •; o -r the -.’e , is c valid one t - 
the extent to t while a "■.■.lorrerali on of ’’jellying" ’joterials after co- t 
i Tdr a s o 1 ■/ er. t ph c s e is •. r o . T em to be c r t e n led -wi t h in th c • > i s 3 o 1 v i 
of "jellying" materials, it is not gni f i cantly present as a factor i-n 

the di.ssolving of "y)on-je Hying" materials. For the or einenti on -?d rea 
til e lu o-^ ; n er of a d d i t i on o'* the o o li i s -c'na r ge . wh ere " no n - j e 1 1 - i n g " mater 
o.re cc'ocerned , is net or important foctrr. 


I I 1 1 I 1 1 I I "I I n- li Critical inixing prooleujo . 

noinetirnes involv^^ in the a.^it<.tinn of fihr^^ or gelatinous i. .terial^; 
in the a ^li t a t .. o n crv'stal p'. \ n?iio-ns, in the •'issolvin/r and 

of or'T&'oic >iiaterials having’’ tr-. '■n'^-ous inoleculoT v/eit*^hts. Suc’n critical 
prohleyoG frequently tahe the f'*. . of requiring -itation v/hile at t>' -"n 
tiuie precluiing any apprecicihl^.' irect iiyechani cal action on the solids - 
cViarge. Instances of thin sf'rt nay at ti’nes h^- ur-'sented bj' : - 

1. the agitation of paper in etoc.ec chests 

2 * prooleuis calling for the distribution of l.-.rge rti cl e-si .?e 
solid catalysts 

3. ‘nixing '..roble^us in which the preparation or trewtiiTent of wateu*. 
treating gels is involved 

4. cases where rnixin.g is an auxiliary condition in the precipita; 
or “striking" of pigTnsnts » color Icikes » etc, 

5. cases where alumina hydrate and similar surf ace -ac ti re materia 
are formed or treated 

6. prohleins where extractions of oils present in vegetable seeds » 
etc. are bein.g jjursued 

The above-mentioned instances are. of course, but a fer; exoirjcles. selec 
because of their rather v/idespread usage, of a catenor-/ of mixing probl- 
which includes' nuifierous >t}ore isolated b.t completely analagous cases. 
The problevn of acco'rjplishing agitation or achieving a distribution unde 
conditions r/hich ^feman^ a zero or near-zero application 'f direct ynechar 
action is most usi-ally met by using slow s.-yeed -mixers, of the type whic 
include the Twaddle , horseshoe, gate, etc, >jexers. The more serious the 
necessity for avoiding direct mechanical acti'-'n on the G'li ds -charge . th 
nearer to theminimum allowable speed for then ecific type of mixer use 
’.vould the speed a';Tsip;ned to any given mixer b-e. Naturally, in order to 
satisfy the demands oo unison) distribution of mixing activ^n, the slow 
the qyeed assifpied to the mixer used , the greater \*Duld the number of me* 
of which the mixer would be composed be ard/or the ATeater wo.,l 1 the op 
art-; a of the mixer be. 


Ot.'. ei' solid -liquid mixin.'T jiroblerns of a sped, a 1 tyr.e , s-.'Ch aS thf>se <‘f 
cigitating crys t*;l li zati on systems and preparing suspensions , which 
be iiscus'^e'l umier this heading have been given a rather complete discu 
in the Q,uestions and i^nsweis Section of rhe Kanual, Much of the msteri 
gi van abo v e un -d e r th e heading of t n.e 1 i s 3 o 1 v i n p; of 'ho n ; e 1 iy i n g " in a t eri 
'•/hen taxer in conjunction with the remar-hs given in the Cguestions a.nd 
.-.nswers 3 ecti'''n on the Bul:ject of susnensioriB give an adecjuate treat'me;' 
of the peciol as 'eels '.vhi ch attend the “formation of certain su "ipensiont 
The material given above cn the agitation of "tender" materials taken i 
conjunction v^ith the remarks given j. n the questions and Ansvvunf Section 
the question of conditioning crystal li z, tiors yields o proper in*3ight - 
into such special crystallization problems as may arise 


lIi'^GTPUGTI-) 
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Gag inixers ~..iay oe one o ' ^ he f o 1 1 o ■•vi n ty o e 3 : - 

1. those i’ which p;Bn is fe') to the wixing equipment un-ier ex ter 
establishe.i flow potentials 

2. those in which gas is “fe.i*' to the vraxing equipment in cooseq’. 
of the '-lixer’s acting as a “v/et” fan 

3. those in v/hich both means of bringing the gas to the loixinp; 
equipment describe*! abo\'’e is used 

Ga s- *liquid > nixers Involving externa] ly established flow po tenti als 

1. the means of externally establishing the flow potential may 
comprise a fan. compressor, pressure storage c./linder , etc. 


2. the method for determin ■.np; the pi'obable effect of a mixer ele' 
in a gas “liquid mixer includes the following steps, whei’e the 
liquid is of any consistency other than paste or plastic 

a. substitute the proper fi'-ur'es for the following ^ruibo. 


(Qhd)/33,000 


where Q, is the number of cu. ft. of gas being intro- 
duced per min. at the back-pressure conditions e>:i 3 t,: 
in the mixing vessel; v/here h is the number of feet ■ 
liquid of vertical hei.ght thru which the gas -oust ri 
in escaping from the liq i « into virich it is introduc 
and. where d is the iensit^i' of the liquid in ter-ms o' 
lbs. per cu. ft. 

b. select from Chart #1 that value virch corresponds to 1 
volume of liquid 'tiein g liand 1 ed and to the coesistenc 
range for the liquid at hand. 


c . d i vi d e the value ob t a i ne d as p ( a ) abo ve by that 
obtained under (b) and the quotient so obtained will 
have the f o llowin g si gni f i cances : - 

A. if the qiAotisnt obtained is -.n the vicinity 01 
O.u or if it is greater, the probable improver 
in perf oraiance which may be expected for a 
mechanical means of agitation over siiply a lie 
the gas to bubble thru by itself will be insi.- 
leant or nearly -insi gnif leant . In such a cast 
*do not recommend the use of any of our Gas -lit 
Mixing Equipment 

B. if the quotient obtained above is greater tha. 
0.1 but smaller than 0.5. use a Gas Liquid 
Mixer of the GA type 




G. 


if tiie qiiotierit is less than 0.1 » 

use a ;la^-Liqui'j of the GY typo » if a 

ini ’T.uni cf'St is roL^uired 


d. if, acooT-ii . • to (c) » eit.her ^ •rii-xier of the Gh or C 
type 3 haul' I -^e erjployoi, the dioirieter of ?r}ixer use- 
ghould he selected in accordance with the^ rules gov 
ing the selection of proper diaTjeter turhioi e mixers 
but the powering of the iraxers should be in accord a. 
with the horsepower levels laid dow/n in Chart rl. ' 
choose the proper speed for such a mixer unit as ty 
GA or GB , proceed as follows 


A. divide the horsepower value required by Char 
#1 by the appropriate vi^scosity factor given 
under the Turbine Mixer Design Instructions 


B* using the Turbine Mixer Pov/er Chart for Wate 
Viscosity, seelc the point at which tlie value 
yielded by (a) intersects the properly chose 
turbine -diameter line and nominate the speed 
which corresponds to the intersec tion-point 
as the proper speed to be used. This speed 
should be used unless:- for turbines of 9" 
diameter or srrxiler, it involves speeds in ex. 
of 1800 ft. per min. ; for turbines up to, and 
including "O'* diameter turbines, it i^ivolves 
of IBOO ft. per ^;dn. or more; for turbines o 
greater than GO*', it involves speeds of 1 ,00' 
ft. per min. or more. In the lattei' instancs 
a rnul ti -t url.)ine assembly involving the small- 
number of rotors whosecombined power consume ■ 
will equal the value yielded oy (A) when lirn. 
to the above -given speed ranges should be us- 
To properl},/- distribute a number of turbines o 
a shaft use the rule:- that the height of li 
above the top turbine and below the bottovj 
’ turbine should equal the total liquid heiph^ 
divided by trace the number of turbines used 
wh i 1 e the distance b e t ’w e e.n a n y t v/r. t u r hi n e s 
should be equal to twice the aforementioned ^ 


Select. a gas -liquid mixer to -distribute, at a maximum, 50 cu, ft. of g. 
per min. , referred to the gas -distri bu tionpoint , into a 1 ,000 gal-s. \wo' 
capacity vessel. The liquid has a viscosity of 500 centipoises. The 
is to feed into vessel under from a pressure storage cylinder. The vs 
has a liquid depth of g ft. and a diameter of 54^', The p:as is to bo fc 
into the liquid at any optimum depth in the tank. The specific gravit 
of the liquid is 1.4. 

iilLliiAKLa.;- 

If the specific gravity of the liquid is 1.4 and the density of water ' 
#1 cu. ft. , then the density of the fluid in question is:- 

(62.5) (1.4) - 


82.5 7^1 cu. ft 


( 1 ) 


If we assume a maximuin the point -iintrihuTi v;oul>i be 

a distance off no it ora of thr' inixin*'^ venWl equal to 2ijfo the liquid 

hei.^ht, or (q.25)(8) - 2 ft. , f on 

Qhd = ( 5 0 ) ( } ( 82. 5 ) - 14 >850 - 0,45 •- horse-pov:er 

T7>,000 ' r^5*,b00 “ 3'">.000 

7roi3 Chart .ri , gee that for a viscosity of 500 centipoises (i.e. ^r> 
than a "thin" consistency) and a worhin?; voluwe of 1 ,000 gals.* the pc 
required would be 3 horsepov/er. The ratio of air-horsepower expended ' 
required vaechanical a/ritation for the given voluiae* if a condition of 
optimum gas dispersion is to be achieved, is 

0,45 - 0,15 (3) 

3.0 


And hence a Type G>i Gas-Liquid Ilixer should he used. 

Referring to the Turbine Ifixer Design Ins true tions . it will be seen th. 
the diairieter of 'mixing unit which should be used is a 

li = ^5/ (4) 

4 

or a 15“ di;-.meter unit as the next standard size, since the diaraeter o" 
vessel is 54" and the consistency of the material such as to make the r 
of a rotor diameter-to -kettle diauaeter of 1:4 a feasible one. If 3H.P. 
(Equation 3) is required to achieve an optimura agitatior. al condition fr 
the gas -liquid mixing operation at hand and if the viscosity correctior 
factor (hOTE: See Turbine liixer Design Instructions) for a 50 0 centipc 
consisting is approximately 1.18, then the “water -squival en t horsepowet 
V70 uld be 


•3.00 ' 2,d4 horsepower (5) 

1.18 


This would correspond to a turbine speed LOTS: See Turbine llixer Pows'i. 
Chart) of lo75 ft. per inip. This mixer should be placed as far down i' 
the vessel as possible. 

EXAITLE : - 


Select a gas -liquid mixer to distribute 100 cu.ft. per uiin. of a gas, 
re"''erred ■ to the gas-dis tributio- point, in a 2,000 gals, working capac 
vessel. The liquid has a viscosity of a lOC centi poises. The gas is t 
be fed -from a compressc’r. The vessel has a liquid de^'th of h ft. and c. 
diameter of 72". The gas is to be fed into uhe vessel at a point 1 ft 
off the deepest point in the tank. The specific gravity of the liquid 
phase is 0.9. 

g o 1 u t i on ; - 

The density of the liquid at hand is 


il) 


(0.y)(62.5) c 56,2 5 Ib. 1 cu. ft 



The height of 1 i -i t h ru \vh i c ri th e gts w.u s ^ u 1 a ^ ' e 

(9 - 1) : c‘ 

an<1 herjce the alT^'hoTsepov/er -i <5 ei in hunhling thru the liqui'^ yA'uIo 


(IQO) 
33 ,000 


>6.25):: 1.365 hOTSeoov/er 


The ratio of a ir -Vio rsepo wer exx^en^iei to the Dpti>ru>n degree of ’.nechanlca 
agitation, for 2000 gale, of liquid of greater than "thin” viscosity, 
would be(N0TS: See Chart #1) 


1.365 r 0.18 
7.5 


A Type GA Gas-Liquid Ilixer should then be used. The equivalent "water 
consistency horsepower" which should be expanded in this case would be 
(I'^OTE: See "viscosity correction factors" in Turbine Kixer Design 

In struct! ons ) 


7,5 - 6.62 horseoower 

1.1 


The diaineter of turbine/s which should be used is 


72 = 18" 

4 


and the turbine speed which would conges pond to 6.62 horsepower would 1 
1520 ft. per )Tiin. , if one turbine unit v/ere e^nplov'ed. Using the liiaiti 
speed of 1200 ft. per inin. for turbines of gr^-ater than u*’ in diameter, 
it will be noted that, since the pov/er consuraed by an 18" turbine woul:. 
aT.proxiina tely 5,8 horsepower at 1200 ft. per min., then 


6.82 

: 1/ 

3.8 

be used , 

each 

6.82 r 

3.41 

2 

en {UOTS: 

Sea 


2-18" diameter mixers running at 1140 ft. per#min. Since the total liqui 
heii^ht is 9 ’ , the distance of the lov;er turbine off the bettor of the 
vessel would have to be 


9 

■ 2 ^ 2 ) 


- pA ♦ 


while the distance netYreen the two rotors would be 


)2) (2i) : 4^' 


The gas-dis may be acco>rjpli3h d nt lower wheel in total^ 

since the ratio air •hors epo-ver involved j^rso doing to the mechanics 

agitation provided by the lov/er *: ‘tor alone is less than 0*6 or. the ga 
be n'istributed by tivo identical “ 'pe Crii units, each, assuming half of th 
gas -introduction load. Since distribution of the gas in total at 

the lower wheel is possible and since l- 

1) distribution at the lower wheel involves a longer gas-pots of 
rise in escaping from the liquid 

2) the use of one GA mixer and one NT mixer (i.e, the NT mixer 
acting in auxiliary fashion in exerting an agitational effect 
upon the gas -injected charge emitted by the GA Mixer) would 
be a more economical assembly* 

the latter type of mul ti -turbine assembly is selected. 

Gas -Liquid Mixer Involving A ”Wet Nan'* Action 

1. A gas -liquid mixer* such as Type GC * develops a ‘‘wet” fan action 
in consequence of the following effects 

a. the suction developed by the turbine directly 

b. the inducing of a high velocity flow outside the 
concentrically-placed tuba 

Item (a) is directly analogous to the suctionv/hich may be developed 
at the inlet of & centrifugal pump. Item (b) may be explained by th'-i s 
given belov/:- 


In the given slcetch. two identical oper‘-top tubes having 'JO^ bends ot 
their bottom ends are inserted vertically into a pipe in which a flow . 
liquid is taking place, onev/here the pipe has a diameter of d * and the 
other where the pipe has a diameter of d^. The differences in velocit. 
at both points will be reflected by the difference in heights to 

which the liquid rises iw the given tubes, V/hen the flow of liq...id .go 
in the direction indicated abovf- « the height of liquid in Tube A wi.ll 
exce-'d’th t in Tube B; while v/hen flow takes place in the opposite 
direction the reverse would be true. 

The difference in heii^its in either case would be exactly equal and woi 
be eq..;al to 

(VgS ) 

■i " ) 

uF 2g )' 


( 1 ) 




a?!sur;iing that nc’^^resGure drop ta^ces place j^tv/een thepointa of insei-'t. 
of the tuhea hec^ige of frictior.-.l imped anc flow* end that the pip^ 
horizontal so that no chan^^e insiatic head exists between said points 
where in ft, per sec, is the velocity of flow at that portion of i 
nipe whose diameter is dx ♦ V;,the velocity of flow in ft, per sec, 

where the pipe is of d^diameter. 

For the case of either of the tubes show'n in the sl^etch and for the 
direction of liquid -flow indicated, the height of rise in the tube is 
given by th*^ relati onship 

{static head / pressure head - velocity head) ('<3) 

If the velocity head is established at a sufficiently high level (i,e. 
by setting the velocity of flow sufficiently high) , the tube may be emx:. 
of all liquid - and further, a suction of gas into the liquid stream (an 
aspirator - or inspirator effect) will be developed. In the case of th 
Type GG mixer (ITOTH: See sketch heloiv) , 


the direct suction-action of the turbine partially lo'wers the level of 
liquid in the concentric tube but the main burden of the task of emptyi 
the concentric tube and developing the gas -suction if accomplished by t 
extab lishing of a rnaxirauin velocity head for the liquid passing thru the 
external tube and past the concentric tube. In the case of the Type GC 
mixer and as regai’is Equation (2) , the height of rise of liquid in the 
concentric tube - or the extent of the gas -suction developed - vail in 
this case be given by the expression 

(static head - velocity head) 

To keep the gas -suction at a inaximuin the static head of liq id above tht 
mixing unit is kept at a minimum - is rarely allov;ed to exceed 6”, 

2. the method of selecting a "wet” fan gas-liquid mixer consist^ 
of the following steps:- 

a. substitute the proper valves in th-- expression 

fan m e c li a n i c a 1 ho r s e p o we r 
reqii i rement 

where Q, is the volume of gas to be induced in cu, ft. 
per rain, , when his the static head of liquid above t}' 
centerline of themixer rotor - andno rrnal ly' equal to 6 
a n d whe re d is th e den s i t y of the 1 i q u i d pha s e in 1 os ■ 
per c u . ft. 
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65-430?-'l-B-12 (4) - Folder #7 

HATEiaAL FOUND Bi A V/OODH'J BOX li^ THE 
BASE3^JENT OF GOLD?S HOME 


The above e^ibit was shovm to GOLD on 6/24/50 and consists oT a 
manila folder entitled ”2. A.3.M.E. Specifications”. Contained in 
this folder are three 8*^ x 11” pieces of white paper, ^26, # 27 , and 
#28, with typewrit in on each page. 

GOLD stated that this mterisl had been given to hini by BKOTHi'lAI] 
for delivery to the Soviets and this naterial \ms concerned with 
mixing material. 

GOLD stated that the naterisl had not been handed over to the 
Soviets for reasons he had previously stated in connection with 
information on the mixing material. 

tsra/rac 

65-4307 



' Arr.eri c..n "^,ocic.‘ty A.echunicLl Anr.ineers Mid A th- .u>,-^ricLn PetTOleuii 
Irs ti tute ci oty of T'ocru.nic^:! Enrir^^rs Codes for Unfire-i 


Pressure Vessels) 


The cjocve -mentioned Codes r,overi e desifCn o^nn f Cioricatiorj^ of vessels 
cpeTc. liu{5 under pres sure. Then eCc- oes' specify the tnichnes i es of 

plute which May he employed for eny pressure <s tressed^ portion of & vesse. 
corni np; under its r ul inp;s . tiie types of vrelds ivnichiULy oe used to j-'in ^ ^ 
press Lu-e-stre' sed merabere in & vessel, the niethods ana types of reinfor^eu^-nt v.iiic . 
may be used to back-up ^ -res sure-stressed members in a vessel, tne procedures v.mc are 
to be employed in v.elding, and the tests vhich ere to oe app^rea .0 tne completely 


fabrleate.'l vf.v:j> cj . 


The Coer, lie reendiitory in the stotee of i'kn; Jersey, Ohio, er.d Pennsylyenie; ell vessel; 
i nstalled in these states must be fabricated and st^uips ■ Cwh . t n the said 
vessels come vdthin the Codes' definitions of a pressure vessel. In ail other stp..e^, 
at the present v.riting, Code fabrication is optional v;itn the . Purchaser 0^ t.ie FabriCat 


The Codes definition of s ircsourv ins.iol, .- *■ 
rulings, ere concerned to be any vessel:- 


r. tie applications of the Codes^ 


1, in v.-hich 


( p-15)(D-4) = 60, or a value greater than 60 


2. and , in which 


( P-15)(V-1.5) - P2.5, or £ value greater than 22.5 


t' i r ^’I'e inU-'^uaCJ i-nd. liio jacket pressure of a vessel at hand, in termt of lbs. 
’•er^sc/. in.,'” where D is the'alameter of the cylinder portion if p.e pressure stressed 
contoiner in inches, where V is tne volume of the vessel and/or its cet In 
T^- ilic veLiel is iacketed end the inberlro chsmber is open to the atmosphere, V must 
be taken es the volume of the iacicet itself; whereas if the vessel in question is 
iacketed end if the contents of the internal chamber Is closed to the atmosphere, V 
is the combined volume of the jacket ond tne internal charaber and P must be tPken, In 
the second eouation, as tni: greater of either the jacket or the internal chsmher i-er. 


Pressure vessels, so defined, are construction under one or more of the follov ing 
Parsgrephs or classifications of the Codesi— 


Paregraq'h U-70 (Class 5 or C) for vessels operating under less than 
200 psi of Lnter.i'if.l or jacket pressure containing gases at temperatures 
not exceeding and/oi’ liquids at temperatures beloiv bheir norm- 1 

boiling Doints and not ot temper a^tui’es exceeoing 250^^ F. Tnese gases 
or lici^ids may not, hovever, be of s lethal nature. 


Psragraph U-69 (Class 2 or B) for vessels operating under less than 
400 psi of internal or jacket pressure containing gases at temperatures 
not exceeding 700*^ F. and/or liquids rt wt:.. pars' i^r'cs n^t o.ceccing 
300'^ F. The contained gases and/or liquids may not, under this 
construction, be of a lethal nature 


Paragraph U-63 (Class 1 or A ) for vessels operating at jacket or 
internal pressures up to 4C'0 psi or more c:'r]tai:r-'ng at 'y^'t-r'.- turt 

in excess of or at 70')® F* and/or liquidc at temperatui es exceeo j.ng 






33^“^ F. pressure vessels conteinino' goses rnci/or li-.midj 

must be aeslrned and feDricf:ted under thir e'’tln: of the f vies. 


In specifying above that all pressure VFss':es to v-'hich the Codes &]:■]:' ly ' mey be v/elded 
under one o r more of the above- indicated cu'- ssifi-^ations, reference is niede to the 
fact that v/nere an interiial chamber may iiv^v*e..tly ;.'.o '.ithl. ; ule recalrements of a 
higher classifies tion of the Code and its jsc/et vdthin 8 lovicr classification each 
rray be fabricated in accordance v;ith that section of the Code vhicii applies to it. In 
most instances., nov'ever, the x'essel as a vhole i.o f: brier. trd under one section of 
the Codes, 


Seme of the more important fabrication ana testing procedures specified by the various 
classifications cited above are;- 


1. Paragraph U-70:- 


a, U-7D procedures may not be applied to ves, els: requiring plate, in the 
head or drum portions of the vesse.l, in excess of f/S” 


b. depending upon the thicknesses of plate joined, velds of the double-lap, 
single-butt, or doiible-ouit types may ho .ist d for the plate portions 
of the vessel 


c. the efficiency assumed for the void in designing depends upon the type 
of veld used byt may in no case be as great as 30^ 


d. test procedures include:- a hydrostatic test at 1.? times the prated 
^'rvss'.jre for the vessel; and, an impact hammer test 


2. Paragraph U-69:- 


a. all velds Joining the plate portions of a vessel under this clessificstic- 
may only be of the single-butt or double-butt type, whether one or the 
other is used d(q cuidl: 'g .q ur. the thicknesses of pl^te involved 


b, the maximum efficiency for a veld under this classifies tion which may be 
assumed for design. purposes is 80^ 


c. vessels coming under this classification and involving 1-1/4’’ or thickc 
plates in either the head or the drum portions of the vessel must be 
subjected to stress-relieving operations 


d, test procedures for vessels coming under this classification include:- a 
hydrostatic test at 1.3 times the retec rorjclng pressure; rrd, an 
impact hammer test 


3. Paragraph U-6S:- 


a, regardless of the thicknesses of plate involved, all plate portions of a. 
vessel coming under, this heading must be joined by velds ^f duuble- 
buLt t-v-.-c 


b, velds joining the plate portions of such vessels may be designed on the 
basis of a 93^ efficiency 


c, all vessels fabr ■.ca ted under this hendingmust be- subjected to stress- 
relieving operations 


the tesSfrocedureE for vessels ander th^aeodlng include; - rn impact 
hammer x-ray exanr.l v't ..on of all y elaea seams; anc , hydrostatic 

test at 1.5 times the rotil 'Aorkin^ pressare for the vessel. Vessels 
furnished under that he^Jl-.j must be accomyr.nied at the time ■ ^ completi 
of the job vith tert-ploto:. made by the ¥ elder v,he -oorked on the iob 


NOTES 

1, the efficiency of a v/eld is taken to' mean the ratio of the strength of tne 
weld to that of the parent metals rhich it joins. The officlencies taken by 
the Codes assume the strength of the v-eld to be less ohan that of the parent 
metals though this is in actuality only infrequently the case 

2, where pressures referred to above, it makes no difference -s to whether 
gesra hydraulic, or vapor pressures are concerned 

3, stress-relieving for cjaroon steel plate involves raising the vrelded vessel 
itself as a whole to a temperature betv:een 1100^ F. and 1200^ F. and holding 
at the said temperature interval for a period of time equal to one hour per 
inch of pl"te thickness involved at a raaKimum (i.e. based on the maximum 
plate course involved in the said vessel) . The vessel is then cooled in a 
still atmosphere. Under special conditions, carbon steel vessels r&y be 
stress relieved e.t temperature ranges slightly below those named, providing 
adjustments in the period of heat m- intainance per inch of maximum pl'^te 
thickness are made to compensate for the lov;er stress-relieving tempera turec 
used. Alloy metal vessels are annealed at other tempcr^'t-’.res than those 
stated above, in mo^t instances, c?nd may frequently involve cooling by 
quenching in oils or water. 
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Ex>.lblt 654i307-XB-12 (1) - Polder 

ltlterial fou:© ;.ooee.; for 

lb EASEISM’ OF GOLD'S HC.X 


The aboYG e>c:hi''it ■y:'v 3 ^ iio'arita OLD on Jia.i 22, I' SO. Thj^c ^-hiibit ececistB 
of thirty-one (31) yu,;co o:: b.aridv/ritten r.otes entitlcJ 'hOndrich Cortiiuouo 
b!ct2iOd for Euiiii-S biinuibict^r o, and the ori^jinal o: ' one c-' - ^on oopy o.’ ci 
' ^o-pa^o 'typc'writ'ocn djcvner.t entitled “doeco on Continuous *>.ethod i.L-..tDrt . ’• 

GOii) stated that all oi ths handv/ritten material v/as in EdaihiuUds hanCvjritinp. 
he said that tt.is data ’viac suomitted to GOLD by BEOTIuAn prior to the end of 
‘/arch li;h2 Vvlier EROTIF’AJI gave CCID the csviTjletc Buna-S renoi't. GOLD raid th.nt 
.■*is is an eytreiaely complete and detailed report and indicates the c . ality of 
the "Vfoi l, 7 ;hich was later turned over to SAT \>y GOLD in the form of r t,ypet^ritten 
r ad rjoro complete report. 

COLL stated th’jio the rwoson this handwritten report i;- still in VS3 . ■ososbLon 
•-S th:.t the hr nch‘»Yitten report is supplanted by bh:. t\npewi*itaen roprr:. 

ILL stated that he noticed some of the pages of the handwritten report had oeen 
cut. ^ 0 stat^ d ti..at those referred to corrections the 7a'iter of ter roporb 


■'n the outside of the folder appears the .otatioj in 101/3 ‘a -:anO'.'riti. ^ in red 
. ancil, "ht. ■^, Axi, JCaA^'l rrocui'Siucnt Department, ■.■.ide:or Luildin - boar: v or 
r ihL..'.G, Eoss.‘ (^CLD said tn:^t ho could oiaiy uo:u rs to v‘h-:P olio no . or u^n 
rtoide of this folder noant and he v;ouid guess thou tnc names had o:.,:n gr;,.. 
to hi'-. h> GAItlEH hOPDLESS shortly aftor ohLD had .on t'urnrd down /^sr the dL-:.ft 
(Cause of p^i/sical cisnhility, (early ;h) . ..0/. ^scughe alu.t hv'. no'.. 

^ivon '.iin- the r/.'ovc t^r.e namrs for uOL'j to coiit.iCt relative to ^,ocal'-h 'otting 
tr^to t;m Gcrvico and placed uhero his pliywicai Uis;..’ ility vmald nez tn^crfcrc. 
^:ULl said bh'^u no ncvoi did anythin,; al"ut it :.c far as l:o o ''.md . “h. 


T:i uas 
^5-h307 
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